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解反応の開発を行い、(S)-massoia lactoneおよび coibacin Dの合成を達成した。更




















brsm based on recovered starting materials 
Bu butyl 
cat. catalyst 
COSY correlation spectroscopy 
CoA coenzyme A 




DEAD diethyl azodicarboxylate 




DMS dimethyl sulfide 
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IR infrared 
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R hydrocarbon group 
quant. quantitative 
rt room temperature 
Si silyl group 
SM starting material 
t-, tert- tertiary 
TBDPS tert-butyldiphenylsilyl 
TBS tert-butyldimethylsilyl 




TLC thin layer chromatograpy 
TM target material 
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Tr trityl 
TRIP 3,3'-Bis(2,4,6-triisopropylphenyl)-1,1'-binaphthyl-2,2'-diyl hydrogenph osphate 
Ts p-toluenesulfonyl 
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称である(Figure 1-1)。アシル CoA 開始基質と伸長基質であるマロニル CoA 等



























    


















































① アミノ酸由来の不斉源から 6つおよび 7つ離れた不斉炭素における立体
化学を高立体選択的に構築できる (⇒立体化学の制御) 










































   
 




















































































りを考えると、Re 面から近づく場合(Figure 1-9, 左図)ではルイス酸とメチル基
の立体反発およびアルデヒドの置換基とメチル基の立体障害が発生する。その













Figure 1-10 遠隔不斉誘導反応  
 
まず低収率の原因としてシリルジエノールエーテルの不安定さが挙げられた





















シリルジエノールエーテル 1-5 (Z 体)に対して-78 度にて四塩化スズを作用さ










Scheme 1-3 四塩化スズによる異性化の確認 
 
































induction (RAI) Reaction)[1-11]を用いた合成戦略を広域空間制御戦略(Wide Range 
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の構築の検討を試みた[2-2](次頁 Scheme 2-2)。 
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アルコキシドが発生していることを証明している(Scheme 2-4, 下段)。 
 
 





































Table 2-1 アルコール分解反応の時間経過に伴う収率の変化 
 
 
entry time 2-7 (%) 2-8 (%) 2-9 (%) 2-10 (%) 
1 5 min 32 13 46 36 
2 12 h 46 0 50 33 
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そこで得られた 2-8のみを再び同条件に伏したところ、エステル部位が加溶媒



























































Cy3P, Ph3Pを用いた場合は室温では反応が進行しなかった(entries 4, 5)。 
ここで比較のため、塩基を作用させた場合の結果も調査した。Et3N を用いた




entry additive time 2-7 (%) 2-15 (%) 
1 Me3P 5 min 87 98 
2a Me3P 3 h 88 99 
3 nBu3P 5 min 78 95 
4 Cy3P 24 h 0 0 
5 Ph3P 24 h 0 0 
6 Et3Nb 20 h 89 98 
7 K2CO3 10 min 72 79 
8 NaOMe 20 min 93 85 
a 0.2 eq of Me3P was employed. 












Table 2-3 溶媒の最適化 
 
-不飽和イミド 2-16 に対し、1 当量の Me3P および 2 当量の MeOH を種々
の非プロトン性溶媒中において作用させた。THFおよび Et2Oでは反応が進行す
るものの、原料が残存した(entries 1, 4)。トルエンおよび CH2Cl2を用いた場合は
速やかに反応が進行し、高収率でエステル体が得られた(entries 2, 3)。また高極
性溶媒である DMSO, DMF を用いた場合は反応があまり進行せず、原料の残存
が確認された(entries 5, 6)。これらの結果より、非極性溶媒であるトルエン, CH2Cl2
entry solvent time 2-7 (%) 2-15 (%) 2-16 (%) 
1 THF 48 h 72 77 21 
2 Toluene 1.5 h 95 98 0 
3 CH2Cl2 1.5 h 99 100 0 
4 Et2O 48 h 85 88 11 
5c DMSO 24 h 64 68 32 
6c DMF 24 h 89 89 11 










Table 2-4 基質一般性の調査 
 
Entries 1~4では溶媒量のアルコール及び 1.0当量のMe3Pを作用させる条件A、
entries 5~8では 2.0当量のアルコール及び 1.0当量の Me3Pを作用させる条件 B
によって一般性を調査している。 
条件 A において、1 級アルコールであるメタノール、エタノールでは速やか
に反応が進行し、高収率でエステル体が得られた。2級アルコールであるイソプ
ロピルアルコールでは 3時間ほど掛かるものの良好な収率で生成物が得られた。
entry R time condition 2-17 (%) 2-15 (%) 
a Me 5 min 
A 
87 98 
b Et 10 min 95 99 
c i-Pr 3 h 79 95 
d t-Bu 24 h 0 0 
e allyl 2 h 
B 
97 98 
f geranyl 15 h 86 98 
g Bn 3 h 96 99 















た(Scheme 2-11, 上段)。しかしながら反応は進行せず、Me3P によるアルコール
水素の引き抜きは発生していないことが判明した。そこで同条件に触媒量(0.1 
eq.)の-不飽和イミドを添加すると、飽和エステルおよび触媒量と同等量の不
飽和エステルが得られた(Scheme 2-11, 下段)。 
 
 














Scheme 2-12  −不飽和エステルの触媒サイクル 
 
またこの予測を裏付けるため、リンが不飽和イミドおよび不飽和エステルの










Scheme 2-13 重メタノール中におけるアルコール分解の結果 
 
Figure 2-1 重メタノール中の反応において得られた 1H NMRスペクトル 
A : NMRサンプルチューブ内で観測された反応系のスペクトル 
(オレフィンが D化されてないピークが僅かに残存している) 
B : 得られるメチルエステルのスペクトル(3.32 ppm, 6.53 ppm, 7.69 ppm) 


































ム中にて反応させ、反応溶液を 1H NMR によって時間経過ごとに追うこととし
た。 
NMRによる比較には、イミド 2-16, 2-18においてはオキサゾリジノン上のメ








 4.72  4.59 
 3.67  3.81 
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Figure 2-4 リンによるアルコール分解の反応性の比較 
 
反応前(0 min)においては原料のみが 1:1 の混合物で観測された。30 分後には
不飽和イミド 2-16のピークが先に減少している。その一方で生成物であるエス
テルでは、不飽和エステル 2-7 のピークのみが検出された。60 分後には更に不













これらの結果を Table 2-5にまとめた。 
 
Table 2-5 リンの活性化による反応性変化の比較 
  A ： NaOMe B：Me3P 
飽和イミド 反応性大 小 
































entry R1 R2 solvent time (h) 2-26 (%) 2-25 (%) 
1 Me Et - 12 95 0 
2 Me Et CH2Cl2 48 50 50 
3d Me i-Pr - 24 41 59 
4 Me t-Bu - 48 0 100 
5 i-Pr Et - 17 89 0 















Scheme 2-16 -不飽和ラクトンの構築 
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2.5 Coibacin D の全合成研究 
2.5.1 緒言 
















































2.5.4 Coibacin D の全合成 




ルホンへの酸化により所望の PT-スルホン 2-32を合成した。 
 
 
Scheme 2-20 PT-スルホン 2-32の合成 
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Table 2-7  遠隔不斉誘導反応の検討
entry 2-30 CHO SnCl4 methode time additive yield
1 1.00 1.15 1.05 general 19 h - 27% 8.3 : 1
2 1.00 1.15 1.50 general 12 h - 25% 1.3 : 1
3 1.00 1.15 2.00 general 15 h - 66% 0.8 : 1
4 1.00 1.15 1.05 CHO last 15 h - 14% 10.4 : 1
5 1.00 2.00 1.05 general 15 h - 12% 8.2 : 1
6 1.00 2.30 2.10 general 15 h - 32% 4 : 1
7 1.00 1.15 1.05 general 15 h MS4A 29% 8 : 1
8 1.00 2.30 2.10 CHO last 15 h - 37% 3.5 : 1
9 1.00 3.50 3.20 CHO last 15 h - 51% 1 : 1





Figure 2-6 副生成物 
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【 general method 】 【 CHO last 】
←Ar ←Ar







































Table 2-8 モノアルデヒド合成の検討 
entry THF CHO note TM (%) BP (%)
1 ×20 2.0 eq. canulla. 20 41
2 ×40 2.0 eq. 20 21
3 ×20 2.0 eq. 親子ナス 0 60
4 ×20 2.0 eq. syringe 22 50
5 ×40 20 eq. 20 20  
 
シリルジエノールエーテル 2-30を用いたポリアセテート型遠隔不斉誘導反応




coibacin Dの合成を最長直線工程数 6工程にて達成した(次頁 Scheme 2-22)。 
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の 2つの環が 3炭素のリンカーによって繋がっていることが挙げられる (Figure 
3-1) [3-2, 3, 4]。 
 
 
Figure 3-1 plecomacrolides familyの一部 
 
Bafilomycin 類は 1980 年代を皮切りに近年までに多くの類縁体が単離されて














本研究ではこれら類縁体の中から bafilomycin A1 (3-1), N (3-2), O (3-3)の 3化合
物に着目し、アセテート、プロピオネートなどが組み合わさった複雑な構造を、
遠隔不斉誘導反応による広域空間制御戦略を用いることで短工程かつ立体選択
的に合成することを目指した(Figure 3-2)。Bafilomycin A1はこれまでに 5グルー
プらによって全合成が達成されているが、いずれも最長直線工程数が 30工程前
後必要であった。そのため工程数を半減することを目指し、ポリケチド化合物の










3.1.2 Bafilomycin A1 
Bafilomycin A1 (3-1)は 1983年にWernerらによって、放線菌 Streptomyces griseus
属 sulphurus種の培地より単離された二次代謝物である[3-5]。構造決定は 1983年
に単離グループらによって各種 NMR, IR, UVなどを用いて相対立体配置が決定







Figure 3-3 bafilomycin A1の構造 
 
生物活性としては抗菌活性、抗真菌活性、抗マラリア活性など多様な性質を有
しているが、特に注目されているのが V-ATPase 阻害活性である。1988 年に
Bowman らによって V-ATPase を特異的に阻害することが発見され[3-13]、IC50値





bafilomycin A1 は骨粗鬆症や抗がん剤への応用が期待されている。 
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まずは乳酸エチルより誘導可能な出発原料から 14工程 30%にて C5-C11セグ
メントを、(S)-3-ヒドロキシ-2-メチルプロピオネートから誘導した既知化合物で




程 14%にて C18-C25 セグメントを合成し、先ほど得られた C1-C17 セグメント
に対し、Evansらによって検討されたアルドール反応に続く脱保護を行うことで、
全合成を達成している。 
















ることで C1-C11セグメントを 15工程 21%にて合成した。また、エチルブチレ
ートの-ヒドロキシ化およびアルキル化によって導いた出発原料より、高立体
選択的に 17工程 23％にて C12-C20セグメントを合成した。これらを鈴木-宮浦
カップリングにより連結させ、山口マクロラクトン化を行うことでマクロラク
トン体を構築した。さらに 8工程 47％にて合成した C21-C25セグメントとの向
山アルドール反応により C20位および C21位を連結し、シリル基の脱保護およ
び環化を同時に行う事で、全合成を達成している。 





















ン酸エステルに対し、開発した 1,2 不斉誘導反応[3-19]を用いることで C1-C11 セ
グメント、C13-C19セグメントの共通出発物質を合成した。これにより、C1-C11
セグメントを 22工程 6%、C13-C19セグメントを 9工程 46%にて合成した。 
また D-バリンより 13工程 13％にて C21-C25セグメントを合成した。C13-C19
セグメントおよびC21-C25セグメントを tBuLiを用いたSN2反応により連結し、
C1-C11 セグメントとの Stille カップリング反応により鎖状化合物へと導いた。
最後に EDCを用いたマクロラクトン化に続く脱保護によって、全合成を達成し
ている。 






















た。更にイソブチルアルデヒドから 6 工程にて合成した C21-C25 セグメントと
の向山アルドール反応に続く環化によって全合成を達成している。 











3.1.4 Bafilomycin N, O 
Bafilomycin N (3-2), O (3-3)は 2017年に Chenらによって、海綿 Theonella sp.か
ら単離されたバクテリア群 Streptomyces sp. GIC10-1 株より単離された二次代謝
物である(Figure 3-10)[3-22]。構造決定は同年 2017年に単離グループらによって各
種 NMRを用いて相対立体配置が決定された。絶対立体配置に関しては、1982年
に初めて単離された bafilomycin類である hygrolidin以降、全ての bafilomycin類




生物活性としては 21位にフマル酸を有する bafilomysin N(3-2)はMOLT-4(急性
リンパ芽球性白血病細胞)に対し IC50 0.01 nM、21 位がフリーの水酸基である
















Bafilomycin 類は環化前駆体 3-4 からマクロラクトン化によって導けるものと
した。鎖状化合物 3-4は C1-C11セグメント 3-5およびラクトール 3-6の Stilleカ







Figure 3-11 第一世代逆合成解析 
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3.2.2 C1-C11 セグメント(BafA1)の合成 
不斉素子を有したイミド 3-9を出発物質とし、メチルマロン酸ジエチルより誘




ネート型遠隔不斉誘導反応を行うことでアルドール成績体 3-14 を得た(Scheme 
3-1)。 
 























Scheme 3-2 遠隔不斉誘導反応の収率改善 
 
得られたアルドール体 3-14に対して 2級水酸基の TBS基による保護を行うこ
とで保護体 3-15を得たのち、続くイミド基の還元によりアルデヒド 3-16を合成
した。続いて Honer-Wadsworth-Emmons 反応を行い、C1-C11 セグメント baf A1 
(3-17)を E/Z比 1:20以上という高立体選択性にて合成した(Scheme 3-3)。 
 
 
Scheme 3-3 C1-C11セグメント(baf A1) の合成  
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遠隔不斉誘導反応にて発現した水酸基およびメチル基の立体化学の決定は、
アルデヒド 3-16 およびエステル 3-17 を Zhu らによって報告されている物性デ
ータ[3-24]と比較することで確認している(Table 3-1, Table 3-2)。 
 
 
Table 3-1 アルデヒド 3-14の物性データ比較 
Zhu's compound   Our compound    
1H NMR (300 MHz, CDCl3) δ (ppm) 1H NMR (400 MHz, CDCl3) δ (ppm) 
9.40 (s)   9.40 (s)   
6.67 (dd)   6.68 (dq)   
5.86 (s)   5.87 (s)   
3.51 (dd)   3.51 (dd)   
2.90–2.85 (m)  2.92-2.83 (m)  
2.36 (dd)   2.36 (dd)   
1.97 (dd)   1.98 (dd)   
1.80–1.75 (m)  1.81-1.73 (m)  
1.79 (s)   1.79 (s)   
1.75 (d)   1.76 (s)   
1.05 (d)   1.06 (d)   
0.92 (s)   0.93 (s)   
0.75 (d)   0.75 (d)   
0.073 (s)   0.08 (s)   
0.070 (s)     0.07 (s)     






Table 3-2 C1-C11セグメントの物性データ比較 
Zhu's compound   Our compound    
1H NMR (300 MHz, CDCl3) δ (ppm) 1H NMR (400 MHz, CDCl3) δ (ppm) 
6.60 (s)   6.58 (s)   
5.93 (d)   5.91 (d)   
5.84 (s)   5.83 (s)   
3.80 (s)   3.79 (s)   
3.66 (s)   3.65 (s)   
3.41 (dd)   3.40 (dd)   
2.65–2.75 (m)  2.68 (m)   
2.35–2.45 (m)  2.39 (dd)   
1.97 (d)   1.97 (s)   
1.85–1.95 (m)  1.90 (m)   
1.79 (s)   1.78 (s)   
1.70–1.85 (m)  1.80 (m)   
0.98 (d)   0.96 (d)   
0.92 (s)   0.91 (s)   
0.75 (d)   0.74(d)   
0.05 (s)     0.04 (s)     




と同じ C1-C11炭素骨格である(Scheme 3-4)。Hanessianらは D-mannitol誘導体か










Scheme 3-4 過去の C1-C11セグメント(baf A1)の合成例 
 
3.2.3 C1-C11 セグメントの合成(Baf N, O) 
Baf A1の C1-C11セグメントにおける C12位の置換基がメトキシ基であったの
に対し、Baf N, Oの C1-C11セグメントの C12位はメチル基である。そのため、
アルデヒド 3-16を 2つの化合物の共通中間体とし、Honer-Wadsworth-Emmons反
応におけるホスホナート試薬を変えるだけで合成が可能である。 
アルデヒド 3-16 に対し Honer-Wadsworth-Emmons 反応を行うことでエステル
3-18を合成した。ここでは C1-C11セグメント Baf A1 (3-17)で用いた条件では反
応が進行しなかった。そこで塩基を種々検討した結果、水素化ナトリウムを用い
ることで所望 C1-C11セグメント Baf N, O (3-18)の合成を達成した(Scheme 3-5)。 
 
 
Scheme 3-5 C1-C11セグメント(baf N, O)の合成 
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Figure 3-12 C1-C11セグメント Baf N, O 立体化学の決定 
 










Scheme 3-6 C19-C25セグメントの合成。アルデヒドのα位がエピ化する  
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水酸基の保護基として PMB基, Bn基, MOM基, TBS基を用いてオゾン開裂を
行ったところ、PMB基、Bn基およびMOM基では位がエピ化した(Table 3-3)。





Table 3-3 保護基の検討 
entry protection ozonolysis aldol reaction
a PMB epimerization no data
b Bn epimerization dehydration
c TBS 〇 77%, dr=1:1






アルドール反応を行うことでエチルエステル体 3-23c を立体選択性 20:1 以上で
得た。得られたエステル 3-23c に対してフッ化水素-ピリジンを作用させ、TBS
基の脱保護および環化を一挙に行いラクトン体 3-24を構築した。最後に 2級水
酸基を TBS 基で保護することで所望の C19-C25 セグメント 3-25 の合成を 6 工






















Table 3-4 ワンポット化の検討 
entry Si Lewis acid yield / % dr
1 TMS BF3・Et2O 0 -
















Table 3-5 環化に用いるルイス酸の検討 


















C25 セグメント 3-25 の合成を達成した(Scheme 3-9)。本セグメントの立体化学
は、単結晶 X線構造解析により決定している(Figure 3-13)。 
 
 








3.2.5 C18-C19 部位のアルドール反応モデル実験 












物 3-33, 3-34, 3-35が得られ、所望の化合物は得られなかった(Scheme 3-10, 下段)。 
 
 
Scheme 3-10 エチルケトンとラクトン基質のモデル実験 
 
得られた副生成物はラクトンの位の水酸基が E1cb 反応によって脱水した不



























新たな bafilomycin類の逆合成解析を示す(Figure 3-14)。鎖状化合物 3-4は第一
世代と同様の C1-C11 セグメントとシリル付加体である C12-C25 部位 3-38 の
Stille カップリングに続く、C21 位に付加したシリル基の玉尾酸化によって導か
れるものとした。化合物 3-38 は C12-C17 セグメントであるアルデヒド 3-39 と


















Scheme 3-13 共役付加による戦略例 
 
また第一世代合成戦略と比較すると C18 位を求電子種、C19 位を求核種とし







Scheme 3-14 切断箇所の変更  
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ろ、単一の成分として共役付加体 3-47が得られた(Scheme 3-16, 上段)。 
 
 
Scheme 3-16 位の置換基による反応性の違い 
 








































よりエチルケトンへと導くことで、C18-C25 セグメント 3-49 の合成を達成した
(Scheme 3-17)。 
 
Scheme 3-17 C18-C25セグメントの合成 
 
3.3.4 C12-C17 セグメントの合成 
ポリプロピオネート型不斉素子 3-50 を出発物質とし、抱水クロラールから硫
酸および P2O5 を用いた脱水により調製した新鮮なクロラール[3-27]を用いること










































CCDC reference number : CCDC 1892179 
 




の反応は進行せず、−ハロケトン 3-56が得られる結果となった(Scheme 3-19)。 
 
 
























Scheme 3-21 保護基によるアルキン化反応性の違い  
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保護体 3-54の 1級水酸基をメシル基によって保護したのちに n-BuLiを作用さ
せることでアルキン 3-55を得た。これにパラジウム触媒を用いたヒドロスタニ
ル化を行うことでビニルスタナン 3-59へと導いた。得られた化合物 3-59に対し
TMSOTf および Hunig Base を作用させることでセミピナコール転位[3-30]により
C12-C17セグメント 3-60の合成を達成した (Scheme 3-22)。 
 
 









C17セグメント 3-61を安定な化合物として得た(Scheme 3-23)。 
 
 




得られた C12-C17セグメント 3-61に対し p-トルエンスルホン酸およびベンズ
アルデヒドジメチルアセタールを作用させることで、シリルエーテルにおける
脱シリル化および C12位の脱スタニル化を伴う 1,3-ジオキソラン環 3-62の構築
を行った。得られたベンジリデンアセタール 3-62 に対し NOESY を測定したと
ころ、C16-Meと H17、H15と H17に相関が確認された。また 1H NMRによる



























(Scheme 3-25)。その結果、良好な収率で C1-C17セグメント(3-63)を得た。 
 
 
Scheme 3-25 C1-C17セグメント 3-63の合成 
 
これまでの研究によってバフィロマイシン Nおよび O の C1-C17部位の合成
を達成した。今後は鎖状末端のセミピナコール転位に続く還元により C15 位の
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Scheme 4-5 C12-C17セグメントの合成 
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得られたセグメントをカップリングすることで、C1-C11 セグメントを最長直
線工程数 9工程、総工程数 20工程で合成を達成した(Scheme 4-6)。 
 
 








5.1 Materials and Instrumentations 
1H NMR spectra were recorded at 400 MHz with JEOL ECS-400 instruments or 600 
MHz with Bruker AVANCE-600 instruments. Coupling constants (J) are reported in Hz. 
13C NMR spectra were recorded at 100 MHz with JEOL ECS-400 instruments or 150 
MHz with Bruker AVANCE-600 instruments. Chemical shifts (δ) are quoted in parts per 
million (ppm) and referenced to the residual solvent peak (CDCl3 7.26 ppm for 1H, 77.00 
ppm for 13C, CD3OD : 3.31 ppm for 1H). The following abbreviations were used for 
multiplicities (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet). Melting 
point (mp) determinations were performed by using a Yanaco MP-S3 instrument. FT-IR 
spectra were recorded with ThermoFisher SCIENTIFIC NICOLET 6700 FT-IR. HR-MS 
and MS were obtained with a ThermoFisher EXACTIVE PLUS and JEOL JMS-
GCMATEII, respectively. Optical rotations were measured with a JASCO P-2200 and 
JASCO P-1010. X-ray crystallographic analysis was performed with Rigaku XtaLAB 
Synergy-S. All reactions were monitored by TLC (silica gel 60 F254, Merck), and detected 
by visualization with UV irradiation (254 nm) and various color reagents. For silica gel 
column chromatography, Silica Gel 60N (spherical, neutral, 63-210 m) was used as a 
filler. Normally, the reaction is carried out under N2 atmosphere, but the reaction inhibited 
by air and moisture is carried out under an Ar atmosphere. THF was dried in the presence 
of sodium / benzophenone or with LiAlH4 and then distilled before use. CH2Cl2 was dried 
using P2O5 and then distilled before use. MS4A was activated at 250 ° C under reduced 









To a solution of silyl dienol ether 2-1 (440 mg, 0.749 mmol, 1.0 eq.) and n-hexanal 
(1.15 eq.) in CH2Cl2 (8.80 mL) was slowly added SnCl4 (92 l, 0.786 mmol, 1.05 eq.) at 
−78°C. After stirring for 12 h, the reaction was quenched with pyridine (254 L, 3.14 
mmol, 4.0 eq.) and warmed to room temperature. Then, a mixture of sat. NaHCO3 and 
sat. potassium sodium tartrate (1:1 mixture, 8.80 mL) was added to the solution. The 
resulting two-phase mixture was stirred vigorously for 30 min. After the layers were 
separated, the aqueous layer was extracted with CH2Cl2 (3×3.00 mL). The combined 
organic layer was dried over Na2SO4 and concentrated under reduced pressure. The 
residue was purified by column chromatography on silica gel (n-hexane /EtOAc = 12 : 1) 
to give the imide 2-2 as a colorless oil (447 mg, 0.650 mmol, 87%, dr =10:1).  
Rf value : 0.53 (n-hexane / ethyl acetate = 5 : 1) ; Optical Rotation [α]D 25 -91.2 (c 1.35, 
MeOH) ; 1H NMR (400 MHz, CDCl3) δ (ppm) 7.67-7.59 (4H, m), 7.51-7.46 (2H, m), 
7.44-7.23 (13H, m), 7.20-7.13 (1H, m), 7.13 (1H, d, J = 16.0 Hz), 7.04 (1H, dt, J = 16.0, 
7.0 Hz), 5.46 (1H, d, J = 3.0 Hz), 3.80 (1H, tt, J = 6.0, 6.0 Hz), 2.40-2.27 (2H, m), 1.98 
(1H, qqd, J = 7.0, 7.0, 3.0 Hz), 1.44-1.33 (2H, m), 1.21-1.10 (4H, m), 1.09-1.02 (2H, m), 
0.98 (9H, s), 0.89 (3H, d, J = 7.0 Hz), 0.78 (3H, t, J = 7.0 Hz), 0.76 (3H, d, 7.0 Hz) ; 13C 
NMR (100 MHz, CDCl3) δ (ppm) 164.5, 152.8, 148.5, 135.9, 135.8, 134.8, 134.3, 134.0, 
129.6, 129.5, 128.8, 128.5, 128.3, 127.9, 127.7, 127.5, 127.4, 125.9, 125.6, 121.8, 89.1, 
72.1, 64.2, 39.8, 36.5, 31.6, 30.1, 26.9, 26.5, 24.5, 22.4, 21.8, 19.3, 16.3, 13.9 ; 
HRMS(ESI) (m/z) : found 710.3629 [M+Na]+ ; calcd for C44H53O4NNaSi : 710.3636; 




methyl (S,E)-5-((tert-butyldiphenylsilyl)oxy)dec-2-enoate (2-5) (NaOMe method) 
To a solution of ,-unsaturated imide (29.7 mg, 0.0432 mmol, 1.0 eq.) in MeOH(0.7 
ml) was added NaOMe (28% in methanol, 6.0 L, 0.0432 mmol, 1.0 eq.) slowly at room 
temperature. After stirring for 2 h, the reaction was quenched with sat. NH4Cl aq. (0.7 
mL). The resulting mixture was concentrated under reduced pressure to remove MeOH. 
The mixture was extracted with CH2Cl2 (3×0.3 mL). The combined organic layer was 
dried over Na2SO4 and concentrated under reduced pressure. The residue was purified by 
column chromatography on silica gel (n-hexane /EtOAc = 10 : 1) to give the ester as a 
colorless oil (11.4 mg, 0.0260 mmol, 60%).  
Rf value : 0.64 (n-hexane / ethyl acetate = 8 : 1) ; Optical Rotation [α]D 25 -10.4 (c 1.04, 
MeOH) ; 1H NMR (400 MHz, CDCl3) δ (ppm) 7.69 -7.62(4H, m), 7.46-7.33 (6H, m), 
6.90 (1H, dt, J = 16.0, 8.0 Hz ), 5.72 (1H, dt, J = 16.0, 1.0 Hz), 3.81 (1H, tt, J = 6.0, 6.0 
Hz), 3.71 (3H, s), 2.38-2.21 (2H, m), 1.45-1.37 (2H, m), 1.25-1.06 (6H, m), 1.05 (9H, s), 
0.81 (3H, t, J = 7.0 Hz) ; 13C NMR (100 MHz, CDCl3) δ (ppm) 166.8, 146.0, 135.9, 135.9, 
134.1, 129.6, 127.5, 122.9, 72.1, 51.4, 39.3, 36.4, 31.7, 27.0, 24.5, 22.5, 19.3, 14.0 ; 
HRMS(ESI) (m/z) : found 461.2482 [M+Na]+ ; calcd for C27H38O3Na : 461.2482; IR 
(ATR) : 2930, 2857, 1725, 1658, 1427, 1269, 1167, 1105, 1042, 821, 739, 700 cm-1. 
 
  
methyl (S,E)-5-((tert-butyldiphenylsilyl)oxy)dec-2-enoate (2-5) (Me3P method) 
To a solution of ,-unsaturated imide (30.0 mg, 0.0433 mmol, 1.0 eq.) in MeOH(0.7 
ml) was added Me3P (1.0 M in toluene, 43.0 L, 0.0433mmol, 1.0 eq.) slowly at room 
temperature. The resulting mixture was concentrated under reduced pressure to remove 
MeOH and Me3P. The residue was purified by column chromatography on silica gel (n-




Rf value : 0.31 (n-hexane / ethyl acetate = 7 : 1); mp 151-153°C; 1H NMR (400 MHz, 
CDCl3) δ (ppm) 7.92 (1H, d, J = 16.0 Hz), 7.87 (1H, d, J = 16.0 Hz), 7.66-7.59 (2H, m), 
7.43-7.38 (3H, m), 4.46 (2H, dd, J = 9.0, 8.5 Hz), 4.15 (2H, dd, J = 9.0, 8.5 Hz); 13C 
NMR (100 MHz, CDCl3) δ (ppm) 165.5, 153.7, 146.4, 134.6, 130.8, 129.0, 128.8, 116.7, 
62.2, 42.9 ; HRMS(ESI) (m/z) : found 240.0631 [M+Na]+ ; calcd for C12H11NO3Na : 
240.0631; IR (ATR) : 3097, 3026, 2996, 2930, 1675, 1616, 1575, 1476, 1389, 1154, 1107, 
1071, 1037, 986, 867, 770, 680, 568 cm-1. 
 
 
methyl trans-cinnamate (2-7) 
Rf value : 0.30 (n-hexane / ethyl acetate = 7 : 1); mp 33-35 °C; 1H NMR (400 MHz, 
CDCl3) δ (ppm) 7.70 (1H, d, J = 16.0 Hz), 7.55-7.50 (2H, m), 7.41-7.37 (3H, m), 6.45 
(1H, d, J = 16.0 Hz), 3.81 (3H, s); 13C NMR (100 MHz, CDCl3) δ (ppm)167.4, 144.8, 
134.3, 130.3, 128.8, 128.0, 117.7, 51.7 ; HRMS (m/z) : found 185.0575 [M+Na]+ ; calcd 
for C10H10O2Na : 185.0573 ; IR (ATR) : 3068, 2990, 2944, 2846, 1711, 1636, 1494, 1452, 
1438, 1314, 1198, 1164, 1012, 981, 934 cm-1. 
 
 
2-cinnamamidoethyl cinnamate (2-8) 
Rf value : 0.31 (n-hexane / ethyl acetate = 1 : 1); mp 94-97 °C; 1H NMR (400 MHz, 
CDCl3) δ (ppm) 7.73 (1H, d, J = 16.0 Hz), 7.65 (1H, d, J = 16.0 Hz), 7.57-7.48 (4H, m), 
7.43-7.33 (6H, m), 6.47 (1H, d, J = 16.0 Hz), 6.42 (1H, d, J = 16.0 Hz), 6.03 (1H, br s), 
4.39 (2H, t, J = 5.0 Hz) ; 13C NMR (100 MHz, CDCl3) δ (ppm) 167.3, 166.2, 145.8, 141.6, 
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134.9, 134.3, 130.7, 130.0, 129.1, 128.9, 128.3, 128.0, 120.4, 117.5, 63.6, 39.4 ; 
HRMS(ESI) (m/z) : found 344.1255 [M+Na]+ ; calcd for C20H19O3NNa : 344.1257 ; IR 
(ATR) : 3381, 3267, 3084, 3059, 3029, 2950, 1708, 1696, 1655, 1615, 1530, 1449, 1307, 




Rf value : 0.14 ( chloroform / ethyl acetate = 3 : 1); 1H NMR (400 MHz, CDCl3) δ (ppm) 
7.65 (1H, d, J = 16.0 Hz), 7.54-7.48 (2H, m), 7.42-7.33 (3H, m), 6.42 (1H, d, J = 16.0 
Hz), 6.15-6.00 (br s, N-H), 3.81 (2H, dd, J = 6.0, 5.0 Hz), 3.57 (2H, dt, J = 6.0, 5.0 Hz) ; 
13C NMR (100 MHz, CDCl3) δ (ppm) 167.3, 141.7, 134.7, 130.0, 129.0, 128.0, 120.3, 
62.4, 42.8 ; HRMS(ESI) (m/z) : found 214.0839 [M+Na]+ ; calcd for C11H13NO2Na : 
214.0838 ; IR (ATR) : 3283, 3083, 2932, 2243, 1655, 1612, 1578, 1546, 1449, 1338, 1222, 




To a solution of 5,5-diphenyl-2-oxazolidinone 2-15 (3.25 g, 13.6 mmol, 1.0 eq.) in THF 
(65.0 mL) was added n-BuLi (2.66 M in n-hexane, 5.62 mL, 14.9 mmol, 1.1 eq.) at -78 °C 
(The color of the solution changed to yellow). After stirring for 30 min, cinnamoyl 
chloride (2.72 g, 16.3 mmol, 1.2 eq.) was added and the resulting mixture warmed to 0 °C. 
Stirring was continued for 1 h at 0 °C, then the reaction was quenched with a saturated 
sat. NH4Cl aq. (65.0 mL). The resulting mixture was concentrated under reduced pressure 
to remove THF. The mixture was extracted with CH2Cl2 (3×50.0 mL). The combined 
organic layer was dried over Na2SO4 and concentrated under reduced pressure. The 
residue was purified by column chromatography on silica gel (n-hexane /EtOAc = 7 : 1) 
to give the imide 2-16 as a colorless solid (3.95 g, 10.7 mmol, 79%).  
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Rf value : 0.30 (n-hexane / ethyl acetate = 7 : 1); mp 143-147°C; 1H NMR (400 MHz, 
CDCl3) δ (ppm) 7.89 (1H, d, J = 16.0 Hz), 7.85 (1H, d, J = 16.0 Hz), 7.65-7.58 (2H, m), 
7.46-7.31 (13H, m), 4.72 (2H, s); 13C NMR (100 MHz, CDCl3) δ (ppm) 165.3, 152.4, 
146.5, 141.3, 134.4, 130.7, 128.8, 128.6, 128.6, 125.4, 116.7, 83.9, 55.1 ; HRMS(ESI) 
(m/z) : found 392.1257 [M+Na]+ ; calcd for C24H19O3NNa : 392.1257 ; IR (ATR) : 3060, 




Me3P Promoted Alcoholysis of imide 2-16 
 
[Method A] : Alcoholysis of Imide 2-16 in Alcohol 
To a solution of ,-unsaturated imide (1.0 eq.) in MeOH was added Me3P (1.0 M in 
toluene, 1.0 eq.) slowly at room temperature. The resulting mixture was concentrated 
under reduced pressure to remove MeOH and Me3P. The residue was purified by column 
chromatography on silica gel to give the ester. 
 
[Method B] : Alcoholysis of Imide 2-16 in dichloromethane 
To a solution of ,-unsaturated imide (1.0 eq.) in CH2Cl2 was added alcohol (2.0 eq.) 
at room temperature. After stirring for 10 min, Me3P (1.0 M in toluene, 1.0 eq.) was added 
slowly at room temperature. The resulting mixture was concentrated under reduced 
pressure to remove CH2Cl2 and Me3P. The residue was purified by column 








ethyl trans-Cinnamate (2-17b) 
Rf value : 0.50 (n-hexane / ethyl acetate = 7 : 1); 1H NMR (400 MHz, CDCl3) δ (ppm) 
7.69 (1H, d, J = 16.0 Hz), 7.57-7.49 (2H, m), 7.43-7.35 (3H, m), 6.44 (1H, d, J = 16.0 
Hz), 4.27 (2H, q, J = 7.0 Hz), 1.34 (3H, t, J = 7.0 Hz) ; 13C NMR (100 MHz, CDCl3) δ 
(ppm)167.0, 144.6, 134.4, 130.2, 128.9, 128.0, 118.2, 60.5, 14.3; HRMS(ESI) (m/z) : 
found 199.0731 [M+Na]+ ; calcd for C11H12O2Na : 199.0730 ; IR (ATR) : 2981, 1707, 
1636, 1449, 1309, 1163, 1035, 978, 766, 711, 683, cm-1. 
 
 
isopropyl trans-cinnamate (2-17c) 
Rf value : 0.53 (n-hexane / ethyl acetate = 7 : 1) ; 1H NMR (400 MHz, CDCl3) δ (ppm) 
7.67 (1H, d, J = 16.0 Hz), 7.56-7.49 (2H, m), 7.42-7.35 (3H, m), 6.42 (1H, d, J = 16.0 
Hz), 5.14 (1H, qq, J = 6.0, 6.0 Hz), 1.31 (6H, d, J = 6.0 Hz) ; 13C NMR (100 MHz, 
CDCl3) δ (ppm)166.5, 144.3, 134.5, 130.1, 128.8, 128.0, 118.8, 67.8, 22.0 ; HRMS(ESI) 
(m/z) : found 213.0887 [M+Na]+ ; calcd for C12H14O2Na : 213.0886 ; IR (ATR) : 2979, 
2936, 1704, 1637, 1450, 1307, 1271, 1144, 1105, 979, 766, 683 cm-1. 
 
 
allyl trans-cinnamate (2-17e) 
Rf value : 0.53 (n-hexane / ethyl acetate = 7 : 1); 1H NMR (400 MHz, CDCl3) δ (ppm) 
7.72 (1H, d, J = 16.0 Hz), 7.56-7.36 (2H, m), 7.42-7.36 (3H, m), 6.47 (1H, d, J = 16.0 
Hz), 6.00 (1H, ddt, J = 18.0, 11.0, 5.5 Hz), 5.38 (1H, ddt, J = 18.0, 3.0, 1.0 Hz), 5.28 (1H, 
ddt, J = 11.0, 3.0, 1.0 Hz), 4.72 (2H, ddd, J = 5.5, 1.0, 1.0 Hz) ; 13C NMR (100 MHz, 
CDCl3) δ (ppm) 166.6, 145.0, 134.3, 132.2, 130.3, 128.9, 128.1, 118.3, 117.8, 65.2 ; 
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HRMS(ESI) (m/z) : found 211.0731 [M+Na]+ ; calcd for C12H12O2Na : 211.0730 ; IR 




geranyl trans-cinnamate (2-17f) 
Rf value : 0.62 (n-hexane / ethyl acetate = 7 : 1); 1H NMR (400 MHz, CDCl3) δ (ppm) 
7.69 (1H, d, J = 16.0 Hz), 7.55-7.49 (2H, m), 7.43-7.35 (3H, m), 6.45 (1H, d, J = 16.0), 
5.42 (1H, ddq, J = 7.0, 7.0, 1.0), 5.13-5.06 (1H, m), 4.73 (2H, d, J = 7.0 Hz), 2.18-2.03 
(4H, m), 1.75 (3H, s), 1.69 (3H, s), 1.61 (3H, s) ; 13C NMR (100 MHz, CDCl3) δ (ppm) 
167.0, 144.6, 142.4, 134.4, 131.8, 130.2, 128.8, 128.0, 123.7, 118.3, 118.2, 118.1, 61.5, 
39.5, 26.3, 25.7, 17.7, 16.5; HRMS(ESI) (m/z) : found 307.1668 [M+Na]+ ; calcd for 
C19H24O2Na : 307.1669 ; IR (ATR) : 2966, 2916, 1709, 1636, 1449, 1305, 1160, 978, 
766, 683 cm-1. 
 
  
benzyl trans-cinnamate (17g) 
Rf value : 0.47 (n-hexane / ethyl acetate = 7 : 1); 1H NMR (400 MHz, CDCl3) δ (ppm) 
7.73 (1H, d, J = 16.0 Hz), 7.56-7.49 (2H, m), 7.45-7.31 (8H, m), 6.49 (1H, d, J = 16.0 
Hz), 5.26 (2H, s); 13C NMR (100 MHz, CDCl3) δ (ppm) 166.8, 145.2, 136.0, 134.3, 130.3, 
128.9, 128.6, 128.3, 128.1, 117.8, 66.4 ; HRMS(ESI) (m/z) : found 261.0886 [M+Na]+ ; 
calcd for C16H14O2Na : 261.0886 ; IR (ATR) : 3061, 3030, 2952, 1708, 1635, 1450, 1307, 






Preparation of imide 2-18 
 
5,5-diphenyl-3-(3-phenylpropanoyl)oxazolidin-2-one (2-18) 
To a solution of 3-phenylpropionic acid (400 mg, 2.66 mmol, 1.0 eq.) in CH2Cl2 (4.0 
mL) was slowly added oxalyl chloride (242 L, 2.80 mmol, 1.05 eq.) and DMF (4 drops) 
at 0°C. After stirring for 12 h at room temperature, then the reaction mixture was 
concentrated under reduced pressure to remove CH2Cl2 (yellow oil). This acid chloride 
was used in next step without further purification. To a solution of 5,5-diphenyl-2-
oxazolidinone (220 mg, 2.54 mmol, 1.0 eq.) in THF (4.4 mL) was added n-BuLi (2.66 M 
in n-hexane, 1.05 mL, 2.79 mmol, 1.1 eq.) at -78°C (The color of the solution changed to 
yellow). After stirring for 30 min, acid chloride in THF (2.7 mL) was added, and the 
resulting mixture warmed to 0 °C. Stirring was continued for 3 h at 0 °C, then the reaction 
was quenched with a saturated sat. NH4Cl aq. (4.5 mL). The resulting mixture was 
concentrated under reduced pressure to remove THF. The mixture was extracted with 
CH2Cl2 (3×3.0 mL). The combined organic layer was dried over Na2SO4 and concentrated 
under reduced pressure. The residue was purified by column chromatography on silica 
gel (n-hexane /EtOAc = 10 : 1) to give the imide 2-18 as a colorless solid (744 mg, 2.00 
mmol, 79% in 2 steps).  
Rf value : 0.37 (n-hexane / ethyl acetate = 5 : 1); mp 80-83°C; 1H NMR (400 MHz, 
CDCl3) δ (ppm) 7.41-7.30 (10H, m), 7.29-7.14 (5H, m), 4.59 (2H, s), 3.25 (2H, t, J = 8.0 
Hz), 2.96 (2H, t, J = 8.0 Hz); 13C NMR (100 MHz, CDCl3) δ (ppm) 172.5, 152.2, 141.3, 
140.3, 128.8, 128.6, 128.5, 128.4, 126.2, 125.3, 83.9, 54.9, 37.0, 30.2 ; HRMS(ESI) 
(m/z) : found 394.1414 [M+Na]+ ; calcd for C24H21O3NNa : 394.1414 ; IR (ATR) : 3062, 




Methyl 3-Phenylpropanoate 2-19 by Alcoholysis of Imide 2-18 in the Presence of 
Imide 2-16 
 
methyl 3-phenylpropanoate (2-19) 
To a solution of ,-saturated imide 2-18 (22 mg, 0.0592 mmol, 1.0 eq.) and ,-
unsaturated imide 2-16 (2.0 mg, 0.0059 mmol, 0.1 eq.) in MeOH (0.4 mL) was added 
Me3P (1.0 M in toluene, 6.0 L, 0.0592 mmol 1.0 eq.) slowly at room temperature. After 
stirring 10 h, the resulting mixture was concentrated under reduced pressure to remove 
MeOH and Me3P. The residue was purified by column chromatography on silica gel (n-
hexane /EtOAc = 25 : 1) to give the imide 2-19 as a colorless liquid (9.0 mg, 0.548 mmol, 
93%). 
Rf value : 0.30 (n-hexane / ethyl acetate = 7 : 1) ; 1H NMR (400 MHz, CDCl3) δ (ppm) 
7.32-7.27 (2H, m), 7.23-7.18 (3H, m), 3.67 (3H, s), 2.95 (2H, t, J = 8.0 Hz), 2.64 (2H, t, 
J = 8.0 Hz) ; 13C NMR (100 MHz, CDCl3) δ (ppm) 173.3, 140.5, 128.5, 128.3, 126.3, 
51.6, 35.7, 30.9 ; HRMS(ESI) (m/z) : found 187.0703 [M+Na]+ ; calcd for C10H12O2Na : 
187.0730 ; IR (ATR) : 3028, 2952, 1734, 1604, 1497, 1454, 1436, 1364, 1195, 1160, 750, 





Competition experiments with -unsaturated imide 2-16 and saturated imide 2-18 
In order to disclose the difference of alcoholysis reactions with NaOMe and Me3P, the 
competition experiments were performed in the sample tubes of NMR. 
 
 
[Method A] : Methanolysis with NaOMe 
To a solution of α,β-unsaturated imide 2-16 (5.0 mg, 0.014 mmol) and saturated imide 
2-18 (5.0 mg, 0.014 mmol) in MeOH (0.2 mL) was slowly added NaOMe (28% in MeOH, 
0.3 μL, 0.0023 mmol, 0.2 eq.) at room temperature. After stirring for 1 min or 10 min, the 
reaction mixture was quenched with sat. NH4Cl aq. (0.1 mL). The resulting mixture was 
concentrated under reduced pressure to remove MeOH. The mixture was extracted with 
CH2Cl2 (3 × 0.05 mL). The combined organic layer was concentrated under reduced 
pressure. The residue was directly analyzed by 1H NMR spectroscopy 
 
[Method B] : Methanolysis with Me3P 
To a solution of α,β-unsaturated imide 2-16 (5.0 mg, 0.014 mmol) and saturated imide 
2-18 (5.0 mg, 0.014 mmol) in CH2Cl2 was added MeOH (1.1 μL, 0.027 mmol, 2.0 eq.) at 
room temperature. Then 1.0 M Me3P in toluene (6.8 μL, 0.0068 mmol, 0.5 eq.) was added 
slowly at room temperature. After stirring for 30 min or 60 min, the reaction mixture was 
concentrated under reduced pressure to remove MeOH and Me3P. The residue was 






To a solution of ,-unsaturated imide 2-2 (170 mg, 0.247 mmol, 1.0 eq.) in 
MeCN(3.40 mL) was added HF・Py (0.50 mL) slowly at 0 °C, then warmed to 60 °C. 
After stirring for 6 h, the reaction was diluted by EtOAc(3.40 mL), and poured into sat. 
NaHCO3 aq.(10 mL). After the layers were separated, the aqueous layer was extracted 
with CH2Cl2 (3×1.00 mL). The combined organic layer was dried over Na2SO4 and 
concentrated under reduced pressure. The residue was purified by column 
chromatography on silica gel (n-hexane /EtOAc = 7 : 1) to give the alchol 2-27 as a 
colorless oil (105 mg, 0.235 mmol, 95%).  
Rf value : 0.36 (n-hexane / ethyl acetate = 3 : 1) ; Optical Rotation [α]D 25 -135.3 (c 1.33, 
MeOH) ; 1H NMR (400 MHz, CDCl3) δ (ppm) 7.51-7.45 (2H, m), 7.43-7.27 (8H, m), 
7.24 (1H, ddd, J = 15.5, 1.0, 1.0 Hz), 7.12 (1H, dt, J = 15.5, 7.0 Hz), 5.46 (1H, d, J = 3.0 
Hz), 3.80-3.69 (1H, m), 2.44 (1H, dddd, J = 15.0, 7.0, 4.5, 1.0 Hz), 2.35 (1H, dddd, J = 
15.0, 7.0, 7.0, 1.0 Hz), 1.99 (1H, qqd, J = 7.0, 7.0, 3.0 Hz), 1.51-1.43 (3H, m), 1.36-1.21 
(5H, m), 0.90 (3H, d, J = 7.0 Hz), 0.88 (3H, t, J =7.0 Hz), 0.77 (3H, d, J = 7.0 Hz); 13C 
NMR (100 MHz, CDCl3) δ (ppm) 164.8, 153.1, 147.9, 142.4, 138.4, 129.1, 128.7, 128.5, 
128.1, 126.1, 125.8, 122.5, 89.5, 64.5, 40.7, 37.3, 31.9, 30.3, 25.4, 22.7, 21.9, 16.5, 14.2 ; 
HRMS(ESI) (m/z) : found 472.2461 [M+Na]+ ; calcd for C28H35O4NNa : 472.2458; IR 





To a solution of ,-unsaturated imide 2-27 (50.0 mg, 0.111 mmol, 1.0 eq.) in CH2Cl2 
was added Me3P (1.0 M in toluene, 111L, 0.111 mmol, 1.0 eq.) slowly at room 
temperature. After stirring 15 min, The resulting mixture was concentrated under reduced 
pressure to remove CH2Cl2 and Me3P. The residue was purified by column 
chromatography on silica gel (n-hexane /EtOAc = 5 : 1) to give (S)-massoia lactone (2-
3) as a colorless oil (14.5 mg, 0.086 mmol, 78%). 
Rf value : 0.29 (n-hexane / ethyl acetate = 5 : 1) ; Optical Rotation [α]D 24 +55.0 (c 1.05, 
MeOH) ; 1H NMR (400 MHz, CDCl3) δ (ppm) 6.91 (1H, m), 6.02 (1H, ddd, J = 10.0, 
2.0, 1.0 Hz), 4.46-4.37 (1H, m), 2.36-2.29 (2H, m), 1.86-1.74 (1H, m), 1.69-1.59 (1H, m), 
1.55-1.46 (1H, m), 1.46-1.37 (1H, m), 1.37-1.24 (4H, m), 0.90 (3H, t, J = 7.0 Hz); 13C 
NMR (100 MHz, CDCl3) δ (ppm)164.8, 145.2, 121.6, 78.2, 35.0, 31.7, 29.5, 24.6, 22.6, 
14.1 ; HRMS(ESI) (m/z) : found 191.1044 [M+Na]+ ; calcd for C10H16O2Na : 191.1043 ; 





To asolution of Cp2ZrCl2 (1.93 g, 6.60 mmol, 1.0 eq.) in CH2Cl2 (6.6 mL, 1.0 M) in a 50 
mL 2-necked flask was added AlMe3 (2.0 M in toluene, 9.9 mL, 19.8 mmol, 3.0 eq.) at 0 
˚C. After stirring 15 min, 3-butyn-1-ol 2-33 (0.5 mL, 6.60 mmol, 1.0 eq.) in CH2Cl2 (3.3 
mL, 2.0 M) was added to the reaction mixture (pale yellow), and slowly warmed to room 
temperature. After sttiring for 14 h, the reaction was cooled to -23 ˚C, and NCS (1.06 g, 
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7.92 mmol, 1.2 eq.) was added to the reaction mixture. After sttiring at -23˚C for 30 min, 
the mixture was slowly warmed to room temperature. After stirring for 30 min, the 
reaction was quenched by HCl aq. (1.0 M, 25 mL). The solution was extracted with 
CH2Cl2 (5×20 mL). The combined organic layer was washed with water (1×20 mL) and 
brine (1×20 mL), then dried over Na2SO4 and concentrated under reduced pressure. The 
residue was purified by column chromatography on silica gel (n-hexane /EtOAc = 5 : 1) 
to give the alchol 2-34 as a pale yellow oil (0.413 g, 3.43 mmol, 52%). 
Rf value : 0.27 (n-hexane / ethyl acetate = 3 : 1); 1H NMR (400 MHz, CDCl3) δ (ppm) 
5.90 (1H, q, J = 1.5 Hz), 3.72 (2H, dt, J = 6.0, 6.0 Hz), 2.34 (2H, td, J = 6.0, 1.0 Hz), 1.82 




To a solution of alchol 2-34 (0.373 g, 3.09 mmol, 1.0 eq.), Ph3P (0.90 g, 3.40 mmol, 
1.1 eq.), and tetrazole (0.60 g, 3.40 mmol, 1.1 eq.) in THF (6.0 mL) was added DEAD 
(2.2 M in toluene, 1.55 mL, 3.40 mmol 1.1 eq.) at 0 ˚C, and warmed to room temperature. 
After stirring for 2 h, the resulting mixture was concentrated under reduced pressure to 
remove THF. The residue was purified by column chromatography on silica gel (n-hexane 
/EtOAc = 7 : 1) to give the tetrazole 2-35 as a colorless oil (0.686 g, 2.37 mmol, 80%). 
Rf value : 0.27 (n-hexane / ethyl acetate = 3 : 1) ; 1H NMR (400 MHz, CDCl3) δ (ppm) 
7.61-7.51 (5H, m), 5.91 (1H, q, J = 1.0 Hz), 3.49 (2H, dd, J = 7.0, 7.0 Hz), 2.62 (2H, ddd, 









To a solution of silyl dienol ether 2-30 (20 mg, 0.0340 mmol, 1.0 eq.) in CH2Cl2 (0.4 
mL) was slowly added SnCl4 (8.4 L, 0.0715 mmol, 2.1 eq.) at −78 °C. Then hexanedial 
(9.0 L, 0.0783 mmol, 2.3 eq.) was added to the reaction mixture. After stirring for 15 h, 
the reaction was quenched with pyridine (23.1 L, 0.286 mmol, 8.4 eq.) and warmed to 
room temperature. Then, a mixture of sat. NaHCO3 aq. and sat. potassium sodium tartrate 
aq. (1:1 mixture, 2.0 mL) was added to the solution. The resulting two-phase mixture was 
stirred vigorously for 30 min. After the layers were separated, the aqueous layer was 
extracted with CH2Cl2 (3×1.0 mL). The combined organic layer was dried over Na2SO4 
and concentrated under reduced pressure. The residue was purified by column 
chromatography on silica gel (n-hexane /EtOAc = 5 : 1) to give the imide 2-36 as a 
colorless oil (8.84 mg, 0.0126 mmol, 37%, dr = 3.5:1).  
Rf value : 0.13 (n-hexane / ethyl acetate = 3 : 1) ; 1H NMR (400 MHz, CDCl3) δ (ppm) 
9.64 (1H, t, J = 2.0 Hz), 7.66-7.59 (4H, m), 7.50-7.46 (2H, m), 7.43-7.23 (14H, m), 7.13 
(1H, d, J = 15.5 Hz), 7.02 (1H, dt, J = 15.5, 7.0 Hz), 5.46 (1H, d, J = 3.5 Hz), 3.82 (1H, 
tt, J = 6.0, 6.0 Hz), 2.38-2.31 (2H, m), 2.23 (2H, td, J = 7.0, 2.0 Hz), 1.98 (1H, qqd, J = 
7.0, 7.0, 3.5 Hz), 1.43-1.35 (2H, m), 1.32-1.24 (2H, m), 0.98 (9H, s), 0.89 (3H, d, J = 7.0 








To a solution of sulfone 2-32 (129 mg, 0.184 mmol, 1.0 eq.) in THF (2.6 mL) was 
added NaHMDS (1.0 M in THF, 202 L, 0.202 mmol 1.1 eq.) at -78 ˚C. After stirring for 
30 min, aldehyde 2-36 was added to the reaction mixture. After stirring for 2 h, resulting 
mixture was quenched by sat. NH4Cl aq. (3.0 mL), and concentrated under reduced 
pressure to remove THF. The resulting mixture was extracted with CH2Cl2 (3×1.0 mL). 
The combined organic layer was dried over Na2SO4 and concentrated under reduced 
pressure. The residue was purified by column chromatography on silica gel (n-hexane 
/EtOAc = 5 : 1) to give the vinyl chloride 2-29 as a colorless oil (92.8 mg, 0.118 mmol, 
64%, dr = 4:1).  
Rf value : 0.70 (n-hexane / ethyl acetate = 3 : 1) ; 1H NMR (400 MHz, CDCl3) δ (ppm) 
7.67-7.60 (4H, m), 7.51-7.46 (2H, m), 7.44-7.24 (14H, m), 7.16-6.99 (2H, m), 5.79 (1H, 
q, J = 1.5 Hz), 5.46 (1H, d, J = 3.5 Hz), 5.37 (1H, ddd, J = 15.0, 7.0, 7.0 Hz), 5.25 (1H, 
ddd, J = 15.0, 7.0, 7.0 Hz), 3.81 (1H, dddd, J = 6.0, 6.0, 6.0, 6.0 Hz), 2.68 (2H, d, J = 7.0 
Hz), 2.37-2.30 (2H, m), 2.03-1.94 (1H, m), 1.85 (1H, dt, J = 7.0, 7.0 Hz), 1.73 (3H, d, J 
= 1.5 Hz), 1.44-1.36 (2H, m), 1.21-1.10 (4H, m), 1.01 (9H, s), 0.89 (3H, d, J = 7.0 Hz), 




Coibacin D (2-28) 
To a solution of vinyl chloride 2-29 (5.0 mg, 9.09 mol, 1.0 eq.) in MeOH (0.2 mL) 
was added CSA (10.6 mg, 0.0454 mmol). After the mixture was refluxed for 8 h, resulting 
mixture was quenched by sat. NaHCO3 aq. (0.2 mL), and concentrated under reduced 
pressure to remove MeOH. The resulting mixture was extracted with EtOAc (3×0.2 mL). 
The combined organic layer was dried over Na2SO4 and concentrated under reduced 
pressure. 
The residue was added CH2Cl2 (0.2 mL) and Me3P (1.0 M in toluene, 9.0 L, 1.0 eq.) 
at room temperature. The resulting mixture was concentrated under reduced pressure to 
remove MeOH and Me3P. The residue was purified by column chromatography on silica 
gel (n-hexane /EtOAc = 5 : 1) to give coibacin D 2-28 as a colorless oil (1.54 mg, 5.72 
mol, 63%). 
Rf value : 0.58 (toluene / ethyl acetate = 3 : 1) ; 1H NMR (400 MHz, CDCl3) δ (ppm) 
6.88 (1H, ddd, J = 10.0, 5.0, 3.5 Hz), 6.02 (1H, dt, J = 10.0, 2.0 Hz), 5.81 (1H, q, J = 1.5 
Hz), 5.47 (1H, dtt, J = 15.0, 7.0, 1.0 Hz), 5.34 (1H, dtt, J = 15.0, 7.0, 1.0 Hz), 4.46-4.37 
(1H, m), 2.72 (2H, d, J = 7.0 Hz), 2.36-2.29 (2H, m), 2.08-1.99 (2H, m), 1.83-1.60 (2H, 







5.3.1 C1-C11 セグメント(Baf A1)  
 
(R)-3-((S,E)-5-iodo-2,4-dimethylpent-4-enoyl)-4-isopropyloxazolidin-2-one (3-11) 
To a solution of compound 3-9 (213 mg, 1.15 mmol, 2.0 eq.) in THF (1.15 mL, 1.0 M) 
was slowly added LiHMDS (1.21 mL, 1.21 mmol, 2.1 eq.) at −78 °C. After stirring for 
10 min, (E)-3-bromo-1-iodo-2-methylprop-1-ene 3-10 (150 mg, 0.575 mmol) was added 
to the reaction mixture, and the solution was warmed to −40 °C. After stirring for 6 h, the 
reaction mixture was quenched with sat. NH4Cl aq. (3.0 mL) and H2O (1.0 ml). The 
resulting mixture was concentrated under reduced pressure. The aqueous residue was 
extracted with EtOAc (3×1.00 mL). The combined organic layer was dried over Na2SO4 
and concentrated under reduced pressure. The residue was purified by column 
chromatography on silica gel (n-hexane / EtOAc = 5 : 1) to give the imide 3-11 as a white 
solid (155 mg, 0.74 mmol, 74%, single isomer) 
Rf value : 0.33 (n-hexane / EtOAc = 4 : 1); m.p. : 41 °C; Optical Rotation [α]D23 -33.1 
(c 0.87, CHCl3); 1H NMR (CDCl3, 400 MHz) δ (ppm) 5.97(1H, q, J = 1.0 Hz), 4.45(1H, 
ddd, J = 8.5, 3.5, 3.5 Hz), 4.27(1H, dd, J = 9.0, 8.5 Hz), 4.20(1H, dd, J = 9.0, 3.0 Hz), 
4.08(1H, ddq, J = 7.5, 7.5, 7.0 Hz), 2.73(1H, ddd, J = 13.5, 7.5, 1.0 Hz), 2.29(1H, qqd, J 
= 7.0, 7.0, 3.5 Hz), 2.22(1H, ddd, J = 13.5, 7.5, 1.0 Hz), 1.88(3H, d, J = 1.0 Hz ), 1.11(3H, 
d, J = 7.0 Hz), 0.91(3H, d, J = 7.0 Hz), 0.86(3H, d, J = 7.0 Hz); 13C NMR (100 MHz, 
CDCl3) δ (ppm) 176.0, 153.7, 145.1, 77.3, 63.1, 58.4, 43.5, 35.6, 28.4, 23.5, 17.9, 16.5, 
14.7; HRMS(ESI) (m/z) : found 388.0373 [M+Na]+ ; calcd for C13H20O3NINa : 
388.0380; IR (ATR) : 3078, 2960, 1761, 1694, 1371, 1296, 1274, 1200, 1053,  989, 774, 




To a solution of imide 3-11 (20 mg, 0.0548 mmol) in CH2Cl2 (1.2 mL) at –78 °C was 
added DIBAL in hexane (1.02 M, 107 L, 0.110 mmol, 2.0 eq.). The reaction was stirred 
at –78 °C for 30 min, and the reaction mixture was quenched with sat. NH4Cl aq. (1.2 
mL). The resulting two-phase mixture was extracted with Et2O (5×0.5 mL). The 
combined organic layer was dried over Na2SO4 and concentrated under reduced pressure. 
The residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 4 : 
1) to give aldehyde 3-12 as a clear yellowish oil (12.0 mg, 0.0504 mmol, 92%). Aldehyde 
3-12 was used immediately in the following step. 
Rf value : 0.52 (n-hexane / EOAc = 4 : 1); Optical Rotation [α]D21 -24.6 (c 0.72, CHCl3); 
1H NMR (400 MHz, CDCl3) δ (ppm) 9.64 (1H, d, J = 2.0 Hz), 5.99 (1H, q, J = 1.0 Hz), 
2.66 (1H, ddd, J = 14.0, 6.0, 1.0 Hz), 2.61-2.50 (1H, m), 2.21 (1H, ddd, J = 14.0, 8.0, 1.0 
Hz), 1.84 (3H, d, J = 1.0 Hz), 1.07 (3H, d, J = 7.0 Hz); 13C NMR (100 MHz, CDCl3) δ 
(ppm) 203.7, 144.5, 77.1, 44.2, 40.1 23.7, 13.1; IR (ATR) : 2932, 2811, 2715, 1722, 1616, 





To a solution of aldehyde 3-12 (100 mg, 0.420 mmol) and vinylketene N,O-acetal 3-13 
(171.2 mg, 0.504 mmol, 1.2 eq.) in dichloromethane (5.0 mL, 1.0 M) was added H2O (1.0 L, 
0.0504 mmol, 0.1 eq.) at room temperature. After stirring vigorously for 15 min, the solution 
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of was cooled to -78 °C. Then TiCl4 (55.3 L, 0.504 mmol, 1.2 eq.) was added to the 
mixture, and  the reaction mixture was warmed to -30 °C. After stirring for 16 h and 
confirming the disappearance of compound 3-13, the reaction was quenched with pyridine 
(163 L, 2.02 mmol, 4.8 eq.) and a 1:1 mixture of saturated NaHCO3 aq. and saturated 
Rochelle salt aq. The resulting two phase mixture was stirred vigorously for 1 h, and layers 
were separated. The aqueous layer was extracted with ethyl acetate (3×3.0 mL). The 
combined organic layer was dried over Na2SO4 and concentrated under reduced pressure. 
The residue was purified by column chromatography on silica gel (n-hexane / EtOAc = 
8 : 1) to give the adduct 3-14 as a colorless oil (99.3 mg, 0.2142 mmol, 51%, dr = 7 : 1). 
Aldehyde 3-12 could be recovered in 38% yield. 
Rf value : 0.22 (n-hexane/ethyl acetate = 3 : 1); Optical Rotation [α]D22 +7.7 (c 0.85, 
CHCl3); 1H NMR (CDCl3, 400 MHz) δ (ppm) 5.91 (1H, s), 5.78(1H, dq, J = 10.0, 1.5 Hz), 
4.58 (1H, ddd, J = 9.0, 6.0, 5.0 Hz), 4.35 (1H, dd, J = 9.0, 9.0 Hz), 4.19 (1H, dd, J = 9.0, 
6.0 Hz), 3.31-3.24 (1H, m), 3.10 (1H, dd, J = 3.0, 1.0 Hz), 2.82-2.69 (1H, m), 2.43(1H, 
dd, J = 14.0, 3.0 Hz), 2.39-2.29 (1H, m), 2.20 (1H, dd, J = 14.0, 11.0 Hz),1.94 (3H, d, J 
= 1.0 Hz), 1.83 (3H, s), 0.99 (3H, d, J = 7.0 Hz), 0.94 (3H, d, J = 7.0 Hz), 0.93 (3H, d, J 
= 7.0 Hz), 0.92 (3H, d, J = 7.0 Hz); 13C NMR (150 MHz, CDCl3) δ (ppm)171.5, 154.5, 
116.9, 141.7, 131.3, 79.1, 75.5, 53.5, 58.1, 39.6, 37.0, 32.3, 28.4, 23.7, 17.9, 17.4, 16.0, 
15.2, 14.0; HRMS(ESI) (m/z) : found 464.1291 [M+H]+ ; calcd for C19H31O4NI : 
464.12921 ; IR (KBr film) : 3521, 2965, 2931, 2874, 1771, 1683, 1390, 1366, 1300, 1278, 







To a solution of diol alchol 3-14 (10 mg, 0.0216 mmol) in CH2Cl2 (0.2 mL) was added 
2,6-lutidine (7.5 L, 0.0647 mmol, 3.0 eq.) and TBSOTf (10 L, 0.0432 mmol, 2.0 eq.) 
at 0 °C, then warmed to room temperature. After stirring for 4.5 h, the reaction mixture 
was quenched with sat. NaHCO3 aq. The resulting two-phase mixture was extracted with 
ethyl acetate (3×0.2 mL). The combined organic layer was dried over Na2SO4 and 
concentrated under reduced pressure. The residue was purified by column 
chromatography on silica gel (n-hexane/EtOAc = 5 : 1) to give TBS ether 3-15 as a 
colorless oil (11.7 mg, 0.0203 mmol, 94%). 
Rf value : 0.39 (n-hexane/ethyl acetate = 5 : 1); Optical Rotation [α]D20 -1.8 (c 0.94, 
CHCl3); 1H NMR (CDCl3, 400 MHz) δ (ppm) 6.19(1H, dq, J = 10.0, 1.5 Hz), 5.84(1H, 
s), 4.49(1H, ddd, J = 9.0, 5.0, 4.0 Hz), 4.30(1H, dd, J = 9.0, 9.0 Hz), 4.16(1H, dd, J = 9.0, 
5.0 Hz), 3.41(1H, dd, J = 6.0, 2.5 Hz), 2.71(1H, dqd, J = 10.0, 7.0, 2.5 Hz), 2.43(1H, dd, 
J = 12.0, 3.0 Hz), 2.41-2.32(1H, m), 1.91(3H, d, J = 1.5 Hz),1.95-1.87 (1H, m), 1.87-
1.81(1H, m), 1.79(3H, s), 1.02(3H, d, J = 7.0 Hz), 0.90(9H, s), 0.78(3H, d, J = 6.5 Hz), 
0.06(3H, s), 0.05(3H, s); 13C NMR (100 MHz, CDCl3) δ (ppm) 172.1, 153.4, 147.1, 140.5, 
129.7, 79.7, 75.2, 63.3, 58.3, 43.6, 36.2, 35.9, 28.1, 26.1, 23.5, 18.3, 18.2, 17.8, 15.6, 14.9, 
13.7, -3.7, -3.8; HRMS(ESI) (m/z) : found 600.1964 [M+Na]+ ; calcd for 
C25H44O4NINaSi : 600.1976 ; IR (ATR) :2959, 2929, 2856, 1783, 1681, 1364, 1299, 







To a solution of imide 3-15 (72.0 mg, 0.125 mmol) in toluene (1.5 mL) at –78 °C was 
added DIBAL in hexane (1.02 M, 488 L, 0.498 mmol, 4.0 eq.). The reaction was stirred 
at –78 °C for 1.5 h, and then the reaction mixture was quenched with AcOH (31.4 L, 
0.548 mmol, 4.4 eq.) and warmed to room temperature. After stirring for 1.5 h, the 
resulting mixture was added saturated NaHCO3 aq. (1.5 mL). The resulting two-phase 
mixture was extracted with Et2O (5×0.5 mL). The combined organic layer was dried over 
Na2SO4 and concentrated under reduced pressure. The residue was purified by column 
chromatography on silica gel (n-hexane/EtOAc = 5 : 1) to give aldehyde 3-16 as a 
colorless oil (47.8 mg, 0.106 mmol, 85%). 
Rf value : 0.63 (n-hexane/ethyl acetate = 5 : 1); Optical Rotation [α]D21 +10.2 (c 0.45, 
CHCl3); 1H NMR (400 MHz, CDCl3) δ (ppm) 9.40 (1H, s), 6.68 (1H, dq, J = 10.0, 1.0 
Hz), 5.87 (1H, s), 3.51 (1H, dd, J = 5.0, 3.0 Hz), 2.92-2.83 (1H, m), 2.36 (1H, dd, J = 
14.0, 5.0 Hz), 1.98 (1H, dd, J = 14.0, 10.0 Hz), 1.81-1.73 (1H, m), 1.79 (3H, s), 1.76 (3H, 
d, J = 1.0 Hz), 1.06 (3H, d, J = 7.0 Hz), 0.93 (9H, s), 0.75 (3H, d, J = 7.0 Hz), 0.08 (3H, 
s), 0.07 (3H, s); 13C NMR (100 MHz, CDCl3) δ (ppm) 195.6, 157.1, 146.3, 137.6, 79.3, 
75.7, 43.3, 36.7, 36.3, 26.0, 23.6, 18.5, 18.3, 15.4, 9.4 ; HRMS(ESI) (m/z) : found 
473.1338 [M+Na]+ ; calcd for C19H35O2INaSi : 473.1343; IR (ATR) : 2956, 2928, 2856, 






C1-C11 segmentBbaf A1 (3-17) 
To a solution of phosphonate (14.8 mg, 0.0616 mmol) and 18-crown-6 (16.3 mg , 0.0616 
mmol) in THF (0.20 mL) was added KHMDS (50.5M in toluene, 258 L, 0.129 mmol) 
at 0 °C. After stirring for 1 h, aldehyde 3-16 (3.6 mg, 0.0067 mmol) was added to the 
reaction mixture. After stirring for 30 min, the mixture wase warmed to room temperature. 
After stirring for 2 h, the resulting mixture was quenched by NH4Cl aq. (1.0 mL), and 
was concentrated under reduced pressure. The aqueous residue was extracted with Et2O 
(5×0.5 mL). The combined organic layer was dried over Na2SO4 and concentrated under 
reduced pressure. The residue was purified by column chromatography on silica gel (n-
hexane/Et2O = 10 : 1) to give C1-C11 segment baf A1 (3-17) as a colorless oil (3.0 mg, 
0.0056 mmol, 83%, E/Z > 20:1).  
1H NMR (CD3Cl, 400 MHz) δ (ppm) 6.58(1H, s), 5.91(1H, d, J = 10.0 Hz), 5.83(1H, s), 
3.79(3H, s), 3.65(3H, s), 3.40(1H, dd, J = 5.0, 3.0 Hz), 2.68(1H, m, J = 13.0, 10.0 Hz), 
2.39(1H, dd, J = 13.0, 4.0 Hz), 1.97(3H, s), 1.90(1H, m), 1.80(1H, m), 1.78(3H, s), 




5.3.2 C1-C11 セグメント(Baf N, O)の合成 
 
C1-C11 segment Baf N, O (3-18) 
To a solution of phosphonate 3-17 (51.0 mg, 0.212 mmol, 2.0 eq.) in THF (0.38 mL) 
was added NaH (55%, 10.7 mg, 0.223 mmol, 2.1 eq.) at 0 °C. After stirring for 1 h, 
aldehyde 3-16 (47.8 mg, 0.106 mmol) was added to the reaction mixture via cannula. 
After stirring for 30 min, the mixture wase warmed to room temperature. After stirring 3 
h, the resulting mixture was quenched by NH4Cl aq. (1.0 mL), and was concentrated 
under reduced pressure. The aqueous residue was extracted with Et2O (5×0.5 mL). The 
combined organic layer was dried over Na2SO4 and concentrated under reduced pressure. 
The residue was purified by column chromatography on silica gel (n-hexane/Et2O = 10 : 
1) to give C1-C11 segment baf N, O (3-18) as a colorless oil (47.8 mg, 0.0880 mmol, 
83%).  
Rf value : 0.70 (n-hexane/ethyl acetate = 5 : 1); Optical Rotation [α]D21 +30.4 (c 0.85, 
CHCl3); 1H NMR (400 MHz, CDCl3) δ (ppm) 7.10 (1H, s), 5.84 (1H, s), 5.76 (1H, d, J = 
10.0 Hz), 3.76 (3H, s), 3.39 (1H, dd, J = 5.0, 3.0 Hz), 2.70-2.63 (1H, m), 2.43 (1H, dd, J 
= 13.0, 4.0 Hz), 2.00 (3H, d, J = 1.5 Hz), 1.93 (1H, dd, J = 14.0, 11.0), 1.87-1.83 (1H, m), 
1.83 (3H, d, J = 1.5 Hz), 1.78 (3H, s), 1.00 (3H, d, J = 7.0 Hz), 0.90 (9H, s), 0.76 (3H, d, 
J = 7.0 Hz), 0.04 (6H, s); 13C NMR (100 MHz, CDCl3) δ (ppm) 169.7, 146.9, 143.4, 
138.8, 130.4, 125.0, 79.9, 75.3, 51.9, 43.4, 36.3, 36.1, 26.1, 23.5, 19.2, 18.4, 16.6, 15.9, 
14.1, -3.7, -3.8; HRMS(ESI) (m/z) : found 543.1761 [M+Na]+ ; calcd for 
C23H41O3INaSi : 543.1762; IR (ATR) : 2956, 2928, 2856, 1708, 1247, 1113, 1033, 834, 
772, 749, 670 cm-1. 
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To a solution of isobutyraldehyde (2.69 mL, 29.45 mmol, 2.0 eq.) in CH2Cl2 (75 mL) 
was slowly added TiCl4 (1.61 mL, 14.73 mmol, 1.0 eq.) at −78°C. After stirring for 15 
min, silyldienolether 3-19 in CH2Cl2 (5.0 g, 14.73 mmol, 1.0 eq.) was added by cannula. 
After stirring for 18 h, the reaction was quenched with pyridine (6.0 mL, 73.65 mmol, 5.0 
eq.) and warmed to room temperature. Then, a mixture of sat. NaHCO3 aq. and sat. 
Rochelle salt aq. (1:1 mixture, 75 mL) was added to the solution. The resulting two-phase 
mixture was stirred vigorously for 1 h. The resulting mixture was filtered through a pad 
of celite and layers were separated. The aqueous layer was extracted with ethyl acetate 
(3×15 mL). The mixed organic layer was concentrated under reduced pressure. The 
residue was purified by column chromatography on silica gel (n-hexane / EtOAc = 5 : 1) 
to give the aldol adduct 3-20 as a colorless oil (4.2 g, 14.12 mmol, 94%, anti : syn > 20 : 
1) 
Rf value : 0.40 (n-hexane / EtOAc = 2 : 1); 1H NMR (CD3Cl, 400 MHz) δ (ppm) 5.82(1H, 
dq, J = 10.0, 1.5 Hz), 4.57(1H, ddd, J = 9.0, 5.5, 5.5 Hz), 4.34(1H, dd, J = 9.0, 9.0 Hz), 
4.18(1H, dd, J = 9.0, 5.5 Hz), 3.1(1H, m), 2.9(OH, d, J = 2.0, 1.0 Hz), 1.95(3H, d, J = 1.5 
Hz), 1.86(1H, dqq), 1.03(3H, d, J = 7.0 Hz), 0.96(3H, d, J = 7.0 Hz), 0.93 (3H, d, J = 7.0 








To a solution of diol alchol 3-20 (210 mg, 0.706 mmol, 1.0 eq.) in CH2Cl2 (4.0 mL) 
was added 2,6-lutidine (329 L, 2.83 mmol, 4.0 eq.) and TBSOTf (328 L, 1.41 mmol, 
2.0 eq.) at 0 °C, then warmed to room temperature. After stirring for 4 h, the reaction 
mixture was quenched with sat. NaHCO3 aq.(4.0 mL). The resulting two-phase mixture 
was extracted with ethyl acetate (3×3.0 mL), the combined organic layer was dried over 
Na2SO4 and concentrated under reduced pressure. The residue was purified by column 
chromatography on silica gel (n-hexane/EtOAc = 7 : 1) to give compound 3-21c as a 
white solid (280 mg, 0.698 mmol, 99%). 
1H NMR (CD3Cl, 400 MHz) δ (ppm) 6.20(1H, dq, J = 9.0, 1.0 Hz), 4.48(1H, ddd, J = 
9.0, 4.0, 4.0 Hz), 4.29(1H, dd, J = 9.0, 9.0 Hz), 4.16(1H, dd, J = 9.0, 5.5 Hz), 3.36(1H, 
dd, J = 6.0, 2.5 Hz), 2.72(OH, ddq), 2.38(1H, dqq), 1.91(1H, d, J = 1.0 Hz), 1.74(1H, 
dqq), 1.54(3H, s), 1.01 (3H, d, J = 7.0 Hz), 0.91 (3H, d, J = 7.0 Hz), 0.90(9H, s), 0.89 
(3H, d, J = 7.0 Hz), 0.87 (3H, d, J = 7.0 Hz), 0.06 (3H, s) , 0.05 (3H, s). 
 
(2R,3R)-3-((tert-butyldimethylsilyl)oxy)-2,4-dimethylpentanal (3-22c) 
A flask containing compound 3-21c (1.0 g, 2.43 mmol) in CH2Cl2 (30 mL) at –78 °C 
was treated with ozone until the solution turned purple/blue in color. Then the reaction 
mixture was purged with oxygen until the color disappeared. The reaction mixture was 
added dimethyl sulfide (0.89 mL, 12.1 mmol), and warmed to room temperature. After 
stirring for 3 h, the reaction mixture was concentrated under reduced pressure. The residue 
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was purified by column chromatography on silica gel (n-hexane/EtOAc = 15 : 1) to give 
aldehyde 3-22c as a colorless oil (428 mg, 1.75 mmol, 72%). 
1H NMR (CD3Cl, 400 MHz) δ (ppm) 9.78 (1H, d, J = 2.5 Hz), 3.67 (1H, dd, J = 5.0, 4.0 
Hz), 2.57-2.48 (1H, m), 1.84 (1H, qqd, J = 7.0, 7.0, 5.0 Hz), 1.10 (3H, d, J = 7.0 Hz), 0.92 





To a solution of N-methoxy-N-methylacetamide (42 L, 0.409 mmol, 1.0 eq.) in CH2Cl2 
(3.0 mL) was added TBSOTf (235 L, 1.02 mmol, 2.5 eq.) and DIPEA (280 L, 1.64 
mmol, 4.0 eq.) at -78 °C, then warmed to 0 °C. After stirring for 30 min, the reaction 
mixture was cooled at -78 °C, and aldehyde 3-22c (100 mg, 0.409 mmol, 1.0 eq.) was 
added to the reaction mixture. After stirring for 3 h, the reaction mixture was quenched 
with sat. NaHCO3 aq. (3.0 mL). The resulting two-phase mixture was extracted with 
CH2Cl2 (3× 2.0 mL), the combined organic layer was dried over Na2SO4 and 
concentrated under reduced pressure. The residue was purified by column 
chromatography on silica gel (n-hexane/EtOAc = 15 : 1) to give aldol compound 3-48 as 
a colorless oil (119 mg, 0.343 mmol, 84%). 
1H NMR (CD3Cl, 400 MHz) δ (ppm) 4.35 (1H, ddd, J = 6.5, 6.5, 4.0 Hz), 3.69 (3H, s), 
3.51 (1H, dd, J = 6.0, 2.5 Hz), 3.16 (3H, s), 2.69 (1H, dd, J = 15.0, 7.0 Hz), 2.56 (1H, dd, 
J = 15.0, 6.0 Hz), 1.91-1.80 (1H, m), 1.73-1.63 (1H, m), 0.92 (3H, d, J = 7.0 Hz), 0.91 
(3H, d, J = 7.0 Hz), 0.90 (9H, s), 0.87 (9H, s), 0.86 (3H, d, J = 7.0 Hz), 0.10 (3H, s), 0.09 





C18-C25 segment (3-49) 
To a solution of amide 3-48 (20 mg, 0.0433 mmol, 1.0 eq.) in THF (0.4 mL) was added 
EtMgBr (0.067 M in THF, 710 L, 0.0476 mmol, 1.1 eq.) at 0 °C. After stirring for 1 h, 
the reaction mixture was quenched with sat. NaH4Cl aq.(1.0 mL), and the reaction mixture 
was concentrated under reduced pressure to remove THF. The residue was extracted with 
ethyl acetate (3×1.0 mL), the combined organic layer was dried over Na2SO4 and 
concentrated under reduced pressure. The residue was purified by column 
chromatography on silica gel (n-hexane/EtOAc = 15 : 1) to give C18-C25 segment (3-49) 
as a colorless oil (18.33 mg, 0.0424 mmol, 98%). 
1H NMR (CD3Cl, 400 MHz) δ (ppm) 4.31 (1H, ddd, J = 6.0, 6.0, 4.5 Hz), 3.50 (1H, dd, 
J = 6.0, 2.5 Hz), 2.60 (1H, dd, J = 6.0, 2.0 Hz), 2.44 (1H, qd, J = 7.5, 2.0 Hz), 1.80 (1H, 
qdd, J = 7.0, 7.0, 2.5 Hz), 1.03 (3H, t, J = 7.5 Hz), 0.91 (3H, d, J = 7.0 Hz), 0.90 (9H, s), 
0.87 (3H, d, J = 7.0 Hz), 0.85 (9H, s), 0.84 (3H, d, J = 7.0 Hz), 0.090 (3H, s), 0.0.087 










To a solution of vinylketene silyl N,O-acetal 3-50 (1.5 g, 4.42 mmol) and freshly distilled 
chloral (0.86 mL, 8.84 mmol, 2.0 eq.) in CH2Cl2 (45 mL) was slowly added TiCl4 (0.48 
mL, 4.42 mmol, 1.0 eq.) at −78 °C. After stirring for 30 min, the reaction mixture was 
warmed to −40 °C. After stirring for 20 h, the reaction was quenched with pyridine (1.43 
mL, 17.7 mmol, 4.0 eq.) and warmed to room temperature. Then, a 1:1 mixture of sat. 
NaHCO3 aq. and Rochelle salt aq. (45 mL) was added to the reaction mixture. The 
resulting two-phase mixture was stirred vigorously for 1 h. The resulting mixture was 
filtered through a pad of celite and layers were separated. The aqueous layer was extracted 
with ethyl acetate (3×15 mL). The mixed organic layer was concentrated under reduced 
pressure. The residue was purified by column chromatography on silica gel (n-hexane / 
EtOAc = 6 : 1) to give the syn adduct 3-51 as a colorless oil (1.25 g, 3.35 mmol, 76%, 
syn : anti > 20 : 1) 
Rf value : 0.40 (n-hexane / EtOAc = 2 : 1); Optical Rotation [α]D22 -45.3 (c 1.12, CHCl3); 
1H NMR (400 MHz, CDCl3) δ (ppm) 5.99 (1H, dq, J = 10.0, 1.5 Hz), 4.53 (1H, ddd, J = 
9.0, 5.0, 6.0 Hz), 4.33 (1H, dd, J = 9.0, 9.0 Hz), 4.20 (1H, dd, J = 9.0, 5.0 Hz), 4.20 (1H, 
dd, J = 6.0, 3.0 Hz), 3.38-3.28 (1H, m), 3.25 (1H (OH), d, J = 6.0 Hz), 2.43-2.30 (1H, m), 
1.96 (3H, d, J = 1.5 Hz), 1.25 (3H, d, J = 7.0 Hz), 0.93 (3H, d, J = 7.0 Hz), 0.91 (3H, d, 
J = 7.0 Hz); 13C NMR (100 MHz, CDCl3) δ (ppm) 171.6, 153.9, 140.3, 129.6, 102.9, 
83.4, 63.5, 58.1, 35.0, 28.3, 17.8, 15.0, 13.7, 13.6; HRMS(ESI) (m/z) : found 394.0350 
[M+Na]+ ; calcd for C14H20O4NCl3Na : 394.0347; IR (ATR) : 3444, 2966, 1778, 1681, 
1388, 1365, 1296, 1204, 1013, 809, 750 cm-1. 
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(4R, 5S, E)-6,6,6-trichloro-2,4-dimethylhex-2-ene-1,5-diol (3-52) 
To a solution of aldol adduct 3-51 (400 mg, 1.21 mmol) in THF (3.0 mL) was added 
NaBH4 (228 mg, 6.04 mmol, 5.0 eq.) at 0 °C. After stirring for 15 min, H2O (1.5 mL) was 
added to the reaction and the resulting mixture was warmed to room temperature. After 
stirring for 12 h, the reaction mixture was quenched with sat. NH4Cl aq. (3.0 mL) and 
H2O (1.0 mL). The resulting mixture was concentrated under reduced pressure. The 
aqueous residue was extracted with EtOAc (8×1.0 mL). The combined organic layer was 
dried over Na2SO4 and concentrated under reduced pressure. The residue was purified by 
column chromatography on silica gel (n-hexane / EtOAc = 4 : 1) to give the diol 3-52 as 
a colorless solid (254 mg, 1.03 mmol, 85%).  
Rf value : 0.22 (n-hexane / EOAc = 2 : 1); 1H NMR (400 MHz, CDCl3) δ (ppm) 5.50 
(1H, dq, J = 10.0, 1.0 Hz), 4.02 (1H, br d, J = 5.0 Hz), 4.00 (1H, dd, J = 6.0, 4.0 Hz), 3.18 
(1H, dqd, J = 10.0, 7.0, 4.0 Hz), 2.82 (1H (OH), d, J = 6.0 Hz), 1.71 (3H, d, J = 1.0 Hz), 
1.18 (3H, d, J = 7.0 Hz); HRMS(ESI) (m/z) : found 268.9874 [M+Na]+ ; calcd for 





To a solution of diol 3-52 (1.35 g, 5.43 mmol) in CH2Cl2 (26.9 mL) was added VO(acac)2 
(144 mg, 0.543 mmol, 0.1 eq.) and 80% t-BuOOH in H2O (0.80 mL, 7.06 mmol, 1.3 eq.) at 
−40 °C. The reaction mixture was slowly warmed to −15 °C. After stirring for 2 h, additional 
80% t-BuOOH in H2O (0.80 mL, 7.06 mmol, 1.3 eq.) was added. Then after stirring for 12 h, 
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saturated aqueous solution of Na2CO3 (5.00 mL) and saturated aqueous solution of Na2S2O3 
(5.0 mL) were added. The resulting mixture was stirred for 1 h. After separation of the layers, 
the aqueous layer was extracted with ethyl acetate (3×10.0 mL). The combined organic layer 
was concentrated under reduced pressure. The residue was purified by column 
chromatography on silica gel (n-hexane / EtOAc = 2 : 1) to give the epoxy alcohol 3-53 as a 
colorless oil (1.06 g, 4.02 mmol, 74%, dr = 6:1). 
Rf value : 0.23 (n-hexane/ethyl acetate = 1 : 1); Optical Rotation [α]D23 -36.3 (c 0.09, 
CHCl3); 1H NMR (400 MHz, CDCl3) δ (ppm) 4.39 (1H, dd, J = 5.0, 1.5 Hz), 3.73 (1H, 
d, J = 13.0 Hz), 3.63 (1H, dd, J = 13.0, 5.0 Hz), 3.18 (1H, d, J = 10.0 Hz), 3.15 (1H (OH), 
br s), 2.30 (1H, dqd, J = 10.0, 7.0, 1.5 Hz), 1.78 (1H (OH), br s), 1.36 (3H, s), 1.18 (3H, 
d, J = 7.0 Hz); 13C NMR (100 MHz, CDCl3) δ (ppm) 103.3, 81.9, 65.0, 62.8, 62.1, 34.5, 
14.2, 9.9; HRMS(ESI) (m/z) : found 284.9823 [M+Na]+ ; calcd for C8H13O3Cl3Na : 






To a solution of epoxy alcohol 3-53 (1.43 g, 5.43 mmol) in DMF (14.3 mL) was added 
TBSCl (0.98 g, 6.51 mmol, 1.2 eq.) and imidazole (0.44 g, 6.51 mmol, 1.2 eq.) at 0 °C, 
then warmed to 60 °C. After stirring for 2 h, the reaction was cooled to room temperature, 
and diluted with n-hexane (7.0 mL) and H2O (14.3 mL) and warmed to room temperature. 
The resulting two-phase mixture was extracted with toluene (5×5.0 mL). The combined 
organic layer was dried over Na2SO4 and concentrated under reduced pressure. The 
residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 10 : 1) 
to give mono TBS ether 3-54 as a white solid (1.89 g, 4.99 mmol, 92%). Diastereomer of 
epoxide can be separated at this stage. 
Rf value : 0.46 (n-hexane/ethyl acetate = 5 : 1); m.p. : 95 °C (decomposed); Optical 
Rotation [α]D23 -24.0 (c 1.00, CHCl3); 1H NMR (400 MHz, CDCl3) δ (ppm) 4.40 (1H, 
 131 
dd, J = 5.5, 1.5 Hz), 3.60 (1H, s), 2.99 (1H, dd, J = 6.0, 1.0 Hz), 2.98 (1H, d, J = 10.0 Hz), 
2.31-2.22 (1H, m), 1.34 (3H, s), 1.17 (3H, d, J = 7.0 Hz), 0.90 (9H, s), 0.07 (3H, s), 0.05 
(3H, s); 13C NMR (100 MHz, CDCl3) δ (ppm) 103.5, 82.0, 67.5, 63.1, 62.6, 34.5, 25.8, 
18.3, 14.2, 10.0; HRMS(ESI) (m/z) : found 399.0685 [M+Na]+ ; calcd for 
C14H27O3Cl3NaSi : 399.0687 ; IR (ATR) : 3400, 2951, 2930, 2858, 1470, 1361, 1249, 




CCDC reference number 
CCDC 1892179 
 
Table 1 Crystal data and structure refinement for SX18073. 
Identification code SX18073 
Empirical formula C14H27Cl3O3Si 
Formula weight 377.79 
Temperature/K 100.00(10) 
Crystal system orthorhombic 













Crystal size/mm3 0.328 × 0.069 × 0.058 
Radiation CuKα (λ = 1.54184) 
2Θ range for data collection/° 7.044 to 156.498 
Index ranges -8 ≤ h ≤ 8, -13 ≤ k ≤ 15, -31 ≤ l ≤ 31 
Reflections collected 16966 
Independent reflections 4230 [Rint = 0.0548, Rsigma = 0.0429] 
Data/restraints/parameters 4230/0/198 
Goodness-of-fit on F2 1.056 
Final R indexes [I>=2σ (I)] R1 = 0.0316, wR2 = 0.0815 
Final R indexes [all data] R1 = 0.0328, wR2 = 0.0824 
Largest diff. peak/hole / e Å-3 0.34/-0.45 
Flack parameter -0.013(8) 
 
Table 2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 
Displacement Parameters (Å2×103) for SX18073. Ueq is defined as 1/3 of of the 
trace of the orthogonalised UIJ tensor. 
Atom x y z U(eq) 
Cl1 5272.2(11) 4109.1(5) 3430.3(2) 26.27(16) 
Cl2 4432.2(10) 1881.9(5) 3672.7(2) 23.88(15) 
Cl3 1508.2(9) 3491.9(5) 3990.4(3) 26.29(16) 
Si1 5814.2(10) 6458.8(5) 6871.0(2) 16.93(15) 
O2 2562(3) 4172.8(14) 5389.8(7) 22.2(4) 
O1 7327(3) 2994.1(14) 4424.9(8) 22.1(4) 
O3 4832(3) 6196.1(14) 6275.8(7) 25.5(4) 
C2 5282(4) 3335.4(17) 4459.4(9) 15.7(4) 
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C6 3391(4) 5209.7(19) 5555.1(10) 18.4(5) 
C3 5207(4) 4507.8(17) 4678.2(9) 17.1(5) 
C5 4702(4) 4443.0(18) 5262.9(9) 16.7(5) 
C11 7015(5) 7833.0(19) 6790.5(10) 23.3(5) 
C4 7244(5) 5122(2) 4611.3(12) 27.1(6) 
C1 4181(4) 3230.7(18) 3911.2(9) 17.7(5) 
C8 3638(5) 5275(2) 6154.6(10) 23.8(5) 
C7 2421(5) 6183(2) 5297.1(12) 28.3(6) 
C14 7965(5) 8197(2) 7320.6(11) 28.7(6) 
C9 7775(5) 5409(2) 7037.2(14) 33.5(7) 
C10 3742(5) 6447(3) 7384.3(12) 35.6(7) 
C13 5356(6) 8635(2) 6617.5(14) 39.4(8) 
C12 8734(6) 7779(3) 6363.9(13) 37.6(7) 
  
Table 3 Anisotropic Displacement Parameters (Å2×103) for SX18073. The 
Anisotropic displacement factor exponent takes the form: -
2π2[h2a*2U11+2hka*b*U12+…]. 
Atom U11 U22 U33 U23 U13 U12 
Cl1 42.7(4) 21.4(3) 14.7(3) 4.3(2) 3.4(2) 1.1(2) 
Cl2 34.6(3) 15.5(3) 21.5(3) -6.9(2) -3.1(2) 3.1(2) 
Cl3 21.8(3) 27.4(3) 29.8(3) -5.4(3) -3.9(2) 5.3(2) 
Si1 27.0(3) 11.3(3) 12.4(3) -1.7(2) 0.3(2) -0.6(2) 
O2 27.8(9) 18.7(8) 20.2(8) -6.2(7) 5.5(8) -10.7(7) 
O1 20.9(9) 16.2(8) 29.4(9) -3.1(8) -3.7(7) 3.3(7) 
O3 42.5(11) 18.3(8) 15.8(8) -1.8(7) -3.2(8) -11.6(8) 
C2 21.1(11) 12.0(10) 13.9(10) 0.2(9) -0.2(9) 0.2(8) 
C6 25.9(12) 13.7(10) 15.6(11) -5.4(10) 1.2(10) -5.9(9) 
C3 25.2(12) 9.7(9) 16.5(11) 0.0(9) 2.9(10) -0.2(8) 
C5 23.6(12) 12.3(9) 14.1(10) -1.4(9) -2.4(9) -3.9(8) 
C11 37.4(15) 14.1(11) 18.5(12) -1.5(10) -4.9(11) -4.2(10) 
C4 34.5(14) 19.6(12) 27.4(14) -5.3(11) 10.4(12) -9.6(11) 
C1 25.0(12) 12.1(10) 16.0(10) -0.6(9) 1.3(9) 3.6(9) 
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C8 36.9(14) 18.4(11) 16.0(11) -3.9(10) 4.9(11) -10.3(11) 
C7 35.5(14) 22.2(12) 27.1(13) -9.0(11) -4.5(12) 8.9(11) 
C14 40.1(16) 20.7(12) 25.4(14) -7.0(12) -7.7(12) -4.3(11) 
C9 44.7(18) 18.5(12) 37.3(16) -6.1(12) -8.1(14) 6.2(12) 
C10 42.7(17) 36.3(15) 27.8(14) -4.7(14) 13.5(13) -6.6(14) 
C13 57(2) 15.4(12) 45.6(18) 3.6(13) -19.3(17) 1.5(13) 
C12 52.3(19) 28.6(14) 31.8(15) -2.5(13) 9.1(15) -18.7(13) 
  
Table 4 Bond Lengths for SX18073. 
Atom Atom Length/Å   Atom Atom Length/Å 
Cl1 C1 1.772(2)   C2 C3 1.555(3) 
Cl2 C1 1.784(2)   C2 C1 1.554(3) 
Cl3 C1 1.769(3)   C6 C5 1.470(4) 
Si1 O3 1.6553(19)   C6 C8 1.515(3) 
Si1 C11 1.883(3)   C6 C7 1.506(4) 
Si1 C9 1.864(3)   C3 C5 1.505(3) 
Si1 C10 1.858(3)   C3 C4 1.530(4) 
O2 C6 1.453(3)   C11 C14 1.533(4) 
O2 C5 1.459(3)   C11 C13 1.526(4) 
O1 C2 1.391(3)   C11 C12 1.544(4) 
O3 C8 1.412(3)         
 
Table 5 Bond Angles for SX18073. 
Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 
O3 Si1 C11 103.84(10)   C5 C3 C4 108.7(2) 
O3 Si1 C9 108.97(13)   C4 C3 C2 113.6(2) 
O3 Si1 C10 110.35(14)   O2 C5 C6 59.50(16) 
C9 Si1 C11 112.06(14)   O2 C5 C3 115.5(2) 
C10 Si1 C11 112.23(14)   C6 C5 C3 125.2(2) 
C10 Si1 C9 109.24(16)   C14 C11 Si1
 109.77(18) 
C6 O2 C5 60.63(16)   C14 C11 C12 109.0(3) 
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C8 O3 Si1 124.28(16)   C13 C11 Si1 109.3(2) 
O1 C2 C3 109.63(19)   C13 C11 C14 109.7(2) 
O1 C2 C1 110.76(19)   C13 C11 C12 109.7(3) 
C1 C2 C3 112.12(19)   C12 C11 Si1
 109.39(18) 
O2 C6 C5 59.87(15)   Cl1 C1 Cl2
 108.16(13) 
O2 C6 C8 111.7(2)   Cl3 C1 Cl1 110.65(13) 
O2 C6 C7 115.6(2)   Cl3 C1 Cl2 107.35(13) 
C5 C6 C8 118.0(2)   C2 C1 Cl1 111.69(17) 
C5 C6 C7 122.9(2)   C2 C1 Cl2 109.49(16) 
C7 C6 C8 115.3(2)   C2 C1 Cl3 109.39(16) 
C5 C3 C2 107.53(18)   O3 C8 C6 108.3(2) 
  
Table 6 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 
Parameters (Å2×103) for SX18073. 
Atom x y z U(eq) 
H1 7358.22 2342.07 4370.93 33 
H2 4563.76 2866.43 4713.63 19 
H3 4103.27 4903.59 4495.37 21 
H5 5741.07 4072.48 5480.67 20 
H4A 8315.03 4763.87 4808.44 41 
H4B 7082.53 5844.6 4742.65 41 
H4C 7611.92 5143.99 4240.89 41 
H8A 2291.38 5327.17 6323.27 29 
H8B 4322.09 4631.62 6286.24 29 
H7A 2294.35 6061.92 4920.68 42 
H7B 3275.97 6803.59 5358.85 42 
H7C 1074.88 6303.62 5447.24 42 
H14A 6904.54 8231.19 7587.84 43 
H14B 8578.25 8896.51 7277.48 43 
H14C 9007.59 7690.28 7428.47 43 
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H9A 7107.44 4719.78 7066.86 50 
H9B 8427.23 5585.75 7369.51 50 
H9C 8799.95 5380.14 6760.71 50 
H10A 2768.18 7012.38 7310.63 53 
H10B 4342.88 6559.53 7729.73 53 
H10C 3044.85 5763.7 7377.84 53 
H13A 4815.44 8426.04 6276.48 59 
H13B 5949.91 9342.82 6592.16 59 
H13C 4257.37 8641.17 6875 59 
H12A 9795.26 7289.85 6478.61 56 
H12B 9318.54 8484.21 6314.58 56 
H12C 8157.73 7530.98 6033.5 56 
 
Crystal Data for C14H27Cl3O3Si (M =377.79 g/mol): orthorhombic, space group 
P212121 (no. 19), a = 6.46359(7) Å, b = 12.39941(13) Å, c = 25.0974(3) Å, V = 
2011.42(4) Å3, Z = 4, T = 100.00(10) K, μ(CuKα) = 4.749 mm-1, Dcalc = 1.248 g/cm3, 
16966 reflections measured (7.044° ≤ 2Θ ≤ 156.498°), 4230 unique (Rint = 0.0548, 
Rsigma = 0.0429) which were used in all calculations. The final R1 was 0.0316 (I > 
2σ(I)) and wR2 was 0.0824 (all data). 
 
Refinement model description 
 
Number of restraints - 0, number of constraints - unknown. 
 
Details: 
1. Fixed Uiso 
 At 1.2 times of: 
  All C(H) groups, All C(H,H) groups 
 At 1.5 times of: 
  All C(H,H,H) groups, All O(H) groups 
2.a Ternary CH refined with riding coordinates: 
 C2(H2), C3(H3), C5(H5) 
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2.b Secondary CH2 refined with riding coordinates: 
 C8(H8A,H8B) 
2.c Idealised Me refined as rotating group: 
 C4(H4A,H4B,H4C), C7(H7A,H7B,H7C), C14(H14A,H14B,H14C), 
C9(H9A,H9B,H9C), 
 C10(H10A,H10B,H10C), C13(H13A,H13B,H13C), C12(H12A,H12B,H12C) 





1,1,1-trichlorobutan-2-yl methanesulfonate (3-58) 
To a solution of mono TBS ether 3-54 (1.11 g, 2.94 mmol) and DABCO (1.35 g, 12.0 
mmol, 4.1 eq.) in THF (11.1 mL) was slowly added methanesulfonyl chloride (0.57 mL, 
7.35 mmol, 2.5 eq.) at 0 °C, and the mixture was warmed to room temperature. After 
stirring for 1 h, the reaction was quenched with saturated NaHCO3 aq. (10.0 mL). The 
resulting mixture was concentrated under reduced pressure. The aqueous residue was 
extracted with EtOAc (3×2.0 mL). The combined organic layer was dried over Na2SO4 
and concentrated under reduced pressure. The residue was purified by column 
chromatography on silica gel (n-hexane/EtOAc = 10 : 1) to give mesylate 3-58 as a 
colorless oil (1.32 g, 2.90 mmol, 98%).  
Rf value : 0.40 (n-hexane/ethyl acetate = 5 : 1); Optical Rotation [α]D21 -11.1 (c 1.45, 
CHCl3); 1H NMR (400 MHz, CDCl3) δ (ppm) 5.35 (1H, d, J = 1.5 Hz), 3.63 (1H, d, J = 
11.5 Hz), 3.59 (1H, d, J = 11.5 Hz), 3.26 (3H, s), 3.02 (1H, d, J = 9.5 Hz), 2.46-2.36 (1H, 
m), 1.35 (3H, s), 1.24 (3H, d, J = 7.0 Hz), 0.89 (9H, s), 0.06 (3H, s), 0.05 (3H, s); 13C 
NMR (100 MHz, CDCl3) δ (ppm) 98.7, 87.5, 67.3, 62.9, 61.8, 39.1, 35.0, 25.8, 18.2, 14.2, 
11.7; HRMS(ESI) (m/z) : found 477.0461 [M+Na]+ ; calcd for C15H29O5Cl3NaSSi : 
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To a solution of mesylate 3-58 (1.2 g, 2.63 mmol) in THF (13.2 mL) was slowly added 
n-BuLi (2.12 M in n-hexane, 5.59 mL, 11.9 mmol, 4.5 eq.) at −78°C. After stirring for 30 
min, the reaction was quenched with saturated NH4Cl aq. (7.0 mL) and warmed to room 
temperature. After addition of  H2O (2.0 mL), the resulting two-phase mixture was 
concentrated under reduced pressure. The aqueous residue was extracted with EtOAc 
(3×3.0 mL). The combined organic layer was dried over Na2SO4 and concentrated under 
reduced pressure. The residue was purified by column chromatography on silica gel (n-
hexane/EtOAc = 30 : 1) to give alkyne 3-55 as a colorless oil (0.55 g, 2.18 mmol, 83%).  
Rf value : 0.66 (n-hexane/ethyl acetate = 10 : 1); Optical Rotation [α]D22 -31.6 (c 0.63, 
CHCl3); 1H NMR (400 MHz, CDCl3) δ (ppm) 3.60 (1H, d, J = 11.0 Hz), 3.54 (1H, d, J = 
11.0 Hz), 2.88 (1H, d, J = 9.0 Hz), 2.37 (1H, dqd, J = 9.0, 7.0, 2.0 Hz), 2.14 (1H, d, J = 
2.0 Hz), 1.30 (3H, s), 1.24 (3H, d, J = 7.0 Hz), 0.89 (3H, s), 0.06 (3H, s), 0.05 (3H, s); 
13C NMR (100 MHz, CDCl3) δ (ppm) 85.4, 69.5, 67.5, 63.8, 61.5, 26.2, 25.8, 18.2, 17.3, 
13.9; HRMS(ESI) (m/z) : found 277.1596 [M+Na]+ ; calcd for C14H26O2NaSi : 






To a solution of alkyne 3-55 (40 mg, 0.157 mmol) in THF (0.79 mL, 0.2 M) was added 
Pd(PPh3)2Cl2 (11 mg, 0.0157 mmol, 0.1 eq.) at room temperature. After stirring for 15 
min, n-BuSnH (50 l, 0.189 mmol, 1.2 eq.) was added to the reaction at −78°C. After 
stirring for 2 h, the reaction mixture was concentrated under reduced pressure. The residue 
was purified by flash column chromatography on silica gel (n-hexane/EtOAc = 4 : 1) to 
give the (E)-vinylstannane 3-59 as a colorless oil. Since this compound was easily 




(2S, 3S, 4S, E)-2,4-dimethyl-6-(tributylstannyl)-3-((trimethylsilyl)oxy)hex-5-en-1-ol 
(3-61) 
To a solution of (E)-vinylstannane 3-59 in CH2Cl2 (2.6 mL) was added hunig base (64.2 
L, 0.377 mmol, 2.4 eq.), and cold to −78°C. After stirring for 15 min, the reaction was 
added TMSOTf (56.8 L, 0.314 mmol, 2.0 eq.). After stirring for 20 min, the reaction 
mixture was added MeOH (89.2 L) and NaBH4 (8.9 mg, 0.236 mmol, 1.5 eq.), and 
warmed to room temperature. After stirring for 1.5 h, the resulting mixture was quenched 
by AcOH (13.5 L, 0.236 mmol, 1.5 eq.), and NaHCO3 aq. (1.0 mL). After the layers were 
separated, the aqueous layer was extracted with EtOAc (3×0.5 mL). The combined organic 
layer was dried over Na2SO4 and concentrated under reduced pressure. The residue was 
purified by column chromatography on silica gel (n-hexane/EtOAc = 20 : 1) to give the 
C12-C17 segment (3-61) as a colorless oil (53.4 mg, 0.128 mmol, 82%(from compound 
3-55)). 
Rf value : 0.45 (n-hexane/ethyl acetate = 5 : 1); Optical Rotation [α]D25 -0.8 (c 1.16, 
CHCl3); 1H NMR (400 MHz, CDCl3) δ (ppm) 6.00 (1H, dd, J = 19.0, 7.0 Hz), 5.92 (1H, 
d, J = 19.0 Hz), 3.64 (1H, dd, J = 6.0, 4.0 Hz), 3.60 (1H, ddd, J = 11.0, 7.0, 5.5 Hz), 3.48 
(1H, ddd, J = 11.0, 5.5, 5.5 Hz), 2.36 (1H, dqd, J = 7.0, 7.0, 6.0 Hz), 1.90-1.79 (1H, m), 
1.54-1.42 (6H, m), 1.35-1.25 (6H, m), 0.98 (3H, d, J = 7.0 Hz), 0.91-0.84(18H, m), 0.11 
(9H, s, TMS); 13C NMR (150 MHz, CDCl3) δ (ppm) 152.4, 127.4, 77.5, 66.0, 45.6, 39.2, 
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29.1, 27.3, 18.1, 13.7, 11.5, 9.4, 0.8; HRMS(ESI) (m/z) : found 507.2673 [M+H]+ ; calcd 
for C23H51O2SiSn : 507.2675; IR (ATR) : 3346, 2956, 2925, 1463, 1376, 1249, 1025, 996, 
876, 836, 749 cm-1. 
 
Determination of the configuration of C16 position of C12-C17 segment (3-52) 
 
 
To a solution of 3-61 (3.2 mg, 7.69 mol) and benzaldehyde dimethyl acetal (1.38 L, 
9.22 mol, 1.2 eq.) in CH2Cl2 (0.07 mL) was added p-toluenesulfonic acid monohydrate 
(0.15 mg, 0.769 mol, 0.1 eq.) at 0 °C. After stirring for 30 min, the reaction was warmed 
to room temperature. After additional stirring for 1 h, the reaction mixture was diluted 
with CH2Cl2 (0.1 mL), and the was quenched by saturated NaHCO3 aq. (0.2 mL). After 
the layers were separated, the aqueous layer was extracted with EtOAc (3×0.1 mL). The 
combined organic layer was dried over Na2SO4 and concentrated under reduced pressure. 
The residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 8 : 
1) to give the compound 3-62 as a colorless oil (1.3 mg, 5.60 mol, 73%). 
1H NMR (400 MHz, CDCl3) δ (ppm) 7.53-7.47 (2H, m), 7.39-7.28 (3H, m), 5.99 (1H, 
ddd, J = 18.0, 11.0, 7.0 Hz), 5.48 (1H, s), 5.09 (1H, ddd, J = 18.0, 1.5, 1.5 Hz), 5.03 (1H, 
ddd, J = 11.0, 1.5, 1.5 Hz), 4.09 (1H, dd, J = 11.0, 2.5 Hz), 4.05 (1H, dd, J = 11.0, 2.5 
Hz), 3.59 (1H, dd, J = 10.0, 2.0 Hz), 2.46-2.35 (1H, m), 1.70 (1H, qddd, J = 7.0, 2.5, 2.0, 
2.0 Hz), 1.19 (3H, d, J = 7.0 Hz), 0.98 (3H, d, J = 7.0 Hz); 13C NMR (150 MHz, CDCl3) 





5.3.5 C12-C17 セグメント 
 
C1-C17 segment (3-63) 
To a solution of C1-C11 segment 3-18 (9.6 mg, 0.0184 mmol) and C12-C17 segment 3-
61 (7.7 mg, 0.0184 mmol) in NMP (0.2 mL) was added LiCl (2.4 mg, 0.0553 mmol, 3.0 
eq.) and Pd2(dba)3•CHCl3 at room temperature. After stirring for 4 h, the reaction was 
diluted with Et2O (0.2 mL) and H2O (0.2 mL). The resulting two-phase mixture was 
filtered through a pad of celite. After the layers were separated, the aqueous layer was 
extracted with Et2O (5×0.1 mL). The combined organic layer was dried over Na2SO4 and 
concentrated under reduced pressure. The residue was purified by column chromatography 
on silica gel (n-hexane/EtOAc = 15 : 1) to give the C1-C17 segment 3-63 as a yellowish 
oil (9.4 mg, 0.0154 mmol, 84%).  
Rf value : 0.21 (n-hexane/ethyl acetate = 5 : 1); Optical Rotation [α]D20 +46.6 (c 
0.28, CHCl3); 1H NMR (400 MHz, CDCl3) δ (ppm) 7.11 (1H, s), 6.22 (1H, ddd, J = 
15.0, 11.0, 1.0 Hz), 5.80 (1H, d, J = 10.0 Hz), 5.76 (1H, d, J = 11.0 Hz), 5.50 (1H, dd, J 
= 15.0, 9.0 Hz), 3.76 (3H, s), 3.60 (1H, dd, J = 6.5, 3.0 Hz), 3.58 (1H, ddd, J = 11.0, 7.0, 
5.5 Hz), 3.49 (1H, ddd, J = 11.0, 5.5, 5.5 Hz), 3.41 (1H, dd, J = 5.0, 3.0 Hz), 2.73-2.65 
(1H, m), 2.40-2.33 (1H, m), 2.31-2.25 (1H, m), 2.01 (3H, d, J = 1.0 Hz), 1.91-1.85 (1H, 
m), 1.84 (3H, d, J = 1.0 Hz), 1.80-1.68 (2H, m), 1.67 (3H, s), 1.00 (3H, d, J = 6.0 Hz), 
0.98 (3H, d, J = 6.5 Hz), 0.91 (9H, s), 0.87 (3H, d, J = 7.0 Hz), 0.74 (3H, d, J = 6.5 Hz), 
0.08 (9H, s, TMS), 0.05 (3H, s, TBS), 0.04 (3H, s, TBS); 13C NMR (150 MHz, CDCl3) 
δ (ppm) 169.8, 143.6, 139.4, 135.5, 135.4, 130.1, 126.7, 126.6, 134.8, 80.2, 77.5, 66.1, 
51.8, 43.9, 41.2, 38.8, 36.6, 35.8, 26.12, 26.10, 19.3, 18.4, 18.2, 16.6, 16.3, 15.6, 14.1, 
11.0, 0.8, 0.7, -3.77, -3.80; HRMS(ESI) (m/z) : found 631.4179 [M+Na]+ ; calcd for 
C34H64O5NaSi2 : 631.4184; IR (KBr film) : 3469, 2958, 2929, 2857, 1712, 1250, 1117, 
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